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This study forms an integral part of the long-
term project on the effect of organic wastes on the 
physical and chemical properties of cultivated soil in 
Hong Kong, jointly undertaken by the Agriculture and 
Fisheries Department of the Hong Kong Government and the 
Geography Department of the Chinese University of Hong 
Kong. The field experiment was established to 
investigate the .effect of dewatered sewage sludge and 
spent sawdust litter on the physical properties of 
cultivated soils, and to examine how these effects 
change under continuous cultivation. Field plots were 
separately amended with 50 mt/ha sludge, 50 mt/ha spent 
sawdust litter (SSL), 25 mt/ha each of sludge and spent 
sawdust litter (S+SSL), and 50 mt/ha sludge plus 2 mt/ha 
slaked lime (8+L). The control plot did not receive any 
organic amendment. Only one basal dressing was applied 
for the continuous growth of four market garden crops. 
Each treatment~as~ repl~c~ted 5 tim~s. Measurements were 
taken after the second and the fourth harvest. 
The incorporation of sewage sludge and spent 
sawdust . litter significantly improved the aggregate 
stability, bulk density, total porosity, field capacity, 
water holding capacity, infiltration, mechanical 
resistance and the water release properties of the 
cultivated soil after the second harvest. These benefits 
were probably a result of the improvement in soil 
organic matter content. Significant linear correlations 
are found between individual soil physical parameter and 
soil organic matter content. Fairly high coefficients of 
determination were obtained for these relationships too. 
After the fourth harvest, significant decrease in 
aggregate stability occurred in all the treatments 
although the organic matter content did not change. As 
spent sawdust litter is less resistant to decomposition 
than sludge, its beneficial effect on most soil physical 
properties disappeared after the fourth harvest or 151 
days after basal · dressing. The different sludge 
treatments, however, sustained a longer positive effect 
on soil physical propertiesthan the sawdust litter. The 
combined treatments with sawdust litter and lime yielded 
promising results comparable to sludge alone. It appears 
that a higher loading rate or more frequent application 
is required for sawdust litter. 
In short, dewatered sewage sludge and spent 
-
sawdust litter are capable -of a~eJiorating the poor 
physical properties of culti~ated soil in Hong Kong. 
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Deficiency in organic matter with poor physical 
properties such as poor aeration, water holding 
capacity, infiltration and surface crusting are the 
inherent characteristics of cultivated soils in Hong Kong. 
These problems are caused by inherent properties of the 
-soil, climate, £arm management, as well as by the 
intensive vegetable cultivation which produces six to 
eight crops a year. Therefore the farmers in Hong Kong are 
in the dilemma of high input cost but low return. This 
is mainly due to the inefficient use of water and 
fertilizers by crops as a result of the poor soil physical 
properties. 
Many organic wastes such as poultry manure and 
cattle feedlot manure have been used in agriculture as 
soil conditioners and have __ g~eatly ~i~prov~d the - physical 
properties of the soil (Sommerfeldt 1987, Weil 1979, 
Tester 1983, Paglisi 1987). In Hong Kong, Bangkok compost 
and cotton waste compost have been used in limited scale 
to improve the soil physical properties in the early 1970s 
(Yau et al. 1972, Lin et al. 1973). Since then, the 
organic amendment of cultivated soils is virtually 
neglected because suitable compost materials are not 
available. The situation has changed in the 1980s when 
1 
large quantity of organic waste including sewage sludge 
and poultry manure are produced by this affluent society. 
It is postulated, but not proven, that sewage sludge - and 
spent" sawdust litter can have similar or even better 
results than the cotton waste as they contain very high 
organic matter and nutrient contents. As organic waste 
materials, they are readily available at extremely low 
cost. 
1.2 Importance- of soil . physical properties- to plant growth 
Most crops can only make vigorous growth if carbon 
dioxide concentration around their roots is not too high, 
nor the oxygen content too low (Russell 1961). To achieve 
such good aeration, the soil should have sufficient pore 
space for the diffusion of carbon dioxide released by the 
roots and microbial activities and to drain away the 
excess water. According to Buckman (1980), the most 
aerated soil is the one with 50% or more pore volume for 
the movement of air and water and macro-pore of 0.06 mm -or 
larger is important for the rapid movement of air. 
Therefore a fair proportion of the soil pore volume 
should be macro-pore for good aeration. Kalpage(1974) 
stated that macro-pore below 10% are restrictive to 
adequate aeration while values between 20 and 30% are 
optimum. The pore space of the soil is also important to 
maintain good aeration in the time of heavy rainfall or 
excess irrigation. The soils with high pore volume 
2 
(particularly macro-pore) allow rapid movement of excess 
water through the soil and hence avoid waterlogging and 
anaerobic conditions which are detrimental to plant roots. 
"Besides, good aeration also depends on the drainage 
of the soil. The soil with high hydraulic conductivity 
usually have better aeration because of good drainage. 
Such drainage ability of the soil, in turn, depends on 
soil structure and is usually better for soil with high 
. volume of macro-pore ~nd aggregate stabil.ity. 
Successful "crops also depend on the development of 
strong and healthy root systems which, in turn, depend on 
the ease with which the root can penetrate into the soil. 
Hard pan or crust pro~ibits the growth of root, resulting 
in poor crop yields. Hard pan or crust is usually the 
result of poor aggregate stability. During heavy rainfall 
and farming ope~ation, unstable soil aggregates usually 
break down into fine materials clogging the large pores 
and forming an impermeable hard crust. While large pores 
and cracks 'in soil are neces.sarY f9r ' easy root penetration 
and hence root · gr6wth, they are result~d from the 
formation of stable agg~~gates. 
Water is important for crop production. The amount 
of water available to plant growth depends on the 
infiltration rate and water holding capacity of the soil. 
Infiltration is an important process by which water 
from rainfall and irrigation enters the . soil. Other 
factors being equal, the higher the infiltration capacity 
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of the soil, the more water will become available for crop 
growth ., Generally speaking, the infiltration rate 
depends on the pore volume, pore size distribution and 
aggr~gate stability of the soil. 
However, not all the water infiltrated can be stored 
in the soil. Part of it will be lost through drainage. 
Therefore, the amount of water available to plant also 
depends on the water holding capacity of the soil which in 
turn, depends on the porosity and the pore size 
distribution of the soil. A soil with high porosity and a 
lot of medium and small size pore (down to 0.003 mm) is 
subject to minimum drainage loss and, hence, more water 
is available to plant growth. Conversely, pores smaller 
than 0.003 mm will hold the water too tightly for plant 
absorption. Soils dominated by small pores will suffer 
form waterlogging and anaerobic conditions under which 
the problems of oxygen depletion and mineral toxicity will 
occur. Thus a balanced " distribution of large and small 
pores fs " important fQ.r. crop p_roduction. 
Finally, whether the plants can obtain the soil 
water needed also depends on the speed of water 
transmission. Only little amount of water exists around 
the roots at any time, which is constantly depleted by 
plants through ,evapotranspiration. Thus water should be 
'\ 
able to move freely in the soJ profile and around the 
rhizosphere, otherwise the plant will be deprived of water 
supply. Again, such capillary movement depends on the 
4 
texture and structure of the soil. 
As said, the total porosity and pore size 
distribution of the soil depend on soil aggregation~ 
Soil~ with stable aggregates tend to have high porosity 
and great volume of macropore. Stable aggregate can also 
withstand the impact of raindrop, farming operation and 
wind erosion. Therefore the formation of hard pan and loss 
of soil fertility can be avoided, and infiltration and 
good aeration can be enhanced. 
1.3 Importance of organic matter to soil physical 
properties 
The aggregate formation and its stability under 
field conditions ' is brought about by clay particles, 
temporary mechanical binding action of microorganism such 
as fungal mycelia, the cementing action of the 
intermediate products of microbial synthesis and decay, as 
well as the cementing action of the more resistant stable 
. -
humus and precipitated film' 6firon hydr6~ide. With the 
above five agents, organic matter is most effective in 
promoting aggregate f~rmation and aggregate stability. 
Moreover, organic matter has great affinity to water due 
to its colloidal nature. Thus, organic matter is often 
added to a wide range of problem soils characterized by 
poor physical properties. 
5 
1.4 Chemical composition of sewage sludge and Spent 
sawdust litter and their disposal 
Sludge is the concentrated solid waste produced 
during the sewage treatment process. Its chemical 
composition and characteristics depend on the source of 
sewage and the treatment used. The sludge used in this 
study is dewatered anaerobic sludge and its composition 
is shown in Table 1.1. Through the anaerobic digestion 
pr~cess, most of the easily decomposed organic matter is 
Table 1.1 Chemical Composition of Dewatered Sewage Sludge 
Source: 
Moisture content (%) 
pH (water) 
C : N 
Total Nitrogen (% dry matter) 
Total P 0 (% dry matter) 
2 5 
Total K 0 (% dry matter) 
2 
Total Ca (% dry matter) 
Total Mg (% dry matter) 
Total Na (% dry. matter) 
Organic carbon (% dry matter) 
Ash content (% dry matter) 
Total Zn (ppm dry matter) 
Total Mn (ppm dry matter) 
Total Fe (ppm dry matter) 
















Tai Lung Crop Nutrition Experimental Farm, 
Agriculture and Fisheries Department of the Hong 
Kong Government. 
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converted to methane, carbon dioxide and water and hence 
this type of sludge is very stable . 
. In Hong Kong, it is predicted that the amount of 
sludge produced will continue to increase and by the year 
2001, altogether 560 tonnes sludge will be produced per 
day (Anonymous 1989). Such huge amount of sludge causes 
difficult disposal problem. Presently, there are four 
options for the disposal of sewage sludge including 
landfill, sea dumping, dlscharge down along sea outfall 
and incineration. 
With limited supply of land and suitable site in 
Hong Kong, the disposal of sewage sludge in landfill may 
not be able to keep pace with the increasing sludge 
production. 
Incineration not only involves a high cost but also 
causes numerous environmental problems. With a shrinking 
incineration capacity and the increase in municipal waste 
- in Hong Kong, it seems that incineration is not a suitable 
solutionr 
Discharge down along sea outfall will cause severe 
coastal pollution problem because of the large quantity 
of ~ludge and weak tidal current. Accumulation of heavy 
metals and nutrients in the nearshore coastal water may be 
possible. 
Sea dumping is the cheapest method as it costs only 
60% that of landfilling and half that of incineration 
(SWD 1989). It is believed that through the dispersal 
7 
ability of the properly selected site, the toxic 
substances will not accumulate to a danger level. 
However, with the ever-increasing sludge production, it is 
doub~ful whether sufficient sites are available iri the 




the risk of 
algal booms, environmental 
deoxygenation, increased turbidity, and contamination of 
marine food chain. 
The chemical composition of spent sawdust litter is 
shown in Table 1.2. Spent sawdust litter is the by-product " 
of the new pig rearing technique, pig-on-litter system 
(POL), currently promoted by the Government of Hong Kong. 
In this system, 150 mm thick sawdust is used as a bedding 
material in the pig pens. The pig excrement deposited 
thereon is decomposed in situ by the weekly addition of a 
bacterial concentrate, thus rendering the pig pens 
effluent free and odorless. With these advantages and the 
tightening of the agricultural wastes disposal regulation, 
th~re will be a rapid" rise .in the_~mountof spent sawdust 
litter and some outlets should be found for its disposal. 
With the above disposal problems for sewage sludge 
and spent sawdust litter, the best long-term solution is 
recycling which not only conserves the natural resource 
but also reduces the necessity to search for suitable 
sites and disposal means. As sewage sludge and spent 
sawdust litter contain about 50% organic matter, there is 
no reason why these : organic waste materials cannot be used 
8 
as soil 
Table 1.2 Chemical Composition of Spent Sawdust Litter 
Source: 
Moisture content (%) 
pH (water) 
Organic matter (% dry matter) 
C : N 
Total Nitrogen (% dry matter) 
Total P 0 (% dry matter) 
2 5 
Total K- 0 (% dry matter) -
2 
Total Ca (% dry matter) 
Total Mg (% dry matter) 
Total Na (% dry matter) 
Organic carbon (% dry matter) 
Ash content (% dry matter) 
Total Zn (ppm dry matter) 
Total Mn (ppm dry matter) 
Total Fe (ppm dry matter) 

















Tai Lung cCrop Nutrition Experimental Farm, 
Agriculture and Fisheries Department of the Hong 
Kong Government. 
conditioner in agriculture for the growth of market garden 
crops. This forms the basis of the present study. 
1.5 Objectives 
The present study forms an integral part of the 
long-term study on the effect of organic wastes on the 
physical and chemical properties of cultivated soils 
9 
jointly undertaken by the Agriculture and Fisheries 
Department of the Hong Kong Government and the Geography 
Department of the Chinese University of Hong Kong. The 
specific objectives of this study are: 
1. To investigate the effect of sewage sludge and spent 
sawdust litter on the physical properties viz aeration, 
water retention and tra~smission, aggregate stability as 
well as mechanical resistance of cultivated soils in Hong 
Kong. 
2. To investigate the sustain~d ·-effects of sewage sludge 
and spent sawdust litter on the physical properties of 
cultivated soils under continuous cultivation. 
1.6 Significance of the study 
This is the first systematic study, involving field 
trial, ever conducted in Hong Kong to investigate the 
possibility of using sewage sludge and spent sawdust 
litter as soil conditioner in ameliorating the extremely 
poor physical properties of cuI tivated soil in- Hong Kong . ... . 
If the two organic wastes are capable 6f improvirig 
the physical properties ~ of cultivated soil in Hong Kong, 
their disposal problem can be enlightened and the 
environmental risk can also be reduced. 
Also, if the two organic wastes are proven useful 
and beneficial in improving soil physical properties, · 
there is no reason why they cannot be used in landscape 
planting and slope revegetation. 
Pig-an-litter system can reduce the oduor of the pig 
10 
manure and the pollution problem caused by pig effluent. 
If spent sawdust litter is found useful in improving soil 
physical properties, then the POL system can be extended. 
This can reduce the cost of pig farmers and the whole 




2.1 Effect of organic wastes on soil organic matter 
Incorporation of organic waste~ usually Leads to 
increase in soil organic matter content (Rasmussen et 
al. 1980, 
The level 
Wei 1985, Saffigna et al 1989, Rose 1991). 
of improvement depends on the rate of 
incorporation and the rate of decompostion of the added 
materials. Ther higher the rate of , in6orporation, the 
greater will be the level of improvement (Weil and 
Kroontje 1979, Sommerfeldt and Chan 1985). This is 
because added organic materials always leave organic 
residues even after long period of decomposition(Laura 
1975). Such higher level of improvement may also be due 
to better crop production which can supply more carbon 
by plant residues from roots and shoots 
Guckert , 1983, Fraser 1988). Lineres et 




capacity with high application rate was the reason for 
higher level of improvement. , However, this was unlikely 
the main reason as most studies found that the rate of 
decomposition increased with increasing rate of 
application (Agbim et al. 1977, Tester 1977, Bortlisz 
and Malz 1983). For instance, Weil and Kroontje(1979) 
found that only 7.2% of the organic matter added 
remained even when the manure was applied at the 
extremely high rate of 110mt/ha. Therefore the level of 
12 
improvement in soil organic matter depends on the rate 
of decomposition of the added materials and on other 
losses such as increased decomposition of native soil 
organic matter (Sorensen 1975)relative to the rate of 
application as well as the supply of plant residues. 
As humification and mineralization of added organic 
materials are biological processes, the rate of 
decomposition depends largely on the factors that affect 
microbial ' ' . activi ties e. These include management .' ". 
practices~ chemical nature of the added material, soil 
characteristics and climatic factors. 
By affecting the degree of ease with which 
microorganisms can utilize the added organic materials, 
different methods of application may result in different 
decomposition. Terry et al. (1979) found that surface 
application resulted in faster rate of decompostion than 
incoporation into the soil and proposed that protection 
of organic -materials by the organic and inorganic 
constituents'~uch as clay w~s lhe ~main reason. Besides, 
liming is·another management practice that affect the 
decomposition rate. By raising the soil pH, soil 
bacterial activities is simulated and faster rate of 
decomposition is expected(Allison 1973, Alexander 1977). 
However, many studies showed that the increased 
decomposition rate was only transient and did not lead 
to greater loss of added materials since the calcium 
protects the organic matter chemically and mechanically 
13 
against microbial degradation and stabilizes the product 
of decomposition{Tisadee and Nelson 1965, Duchaufour 
1911, Morel and Guckert 1983, Muneer and Oades 1989). As 
the mineralization of organic matter is reduced while 
humification is enhanced, liming can increase the yield 
of humified matter{Dell'AGnola and Ferrari 1979) . 
Therefore addition of organic wastes with lime tends to 
increase the soil organic matter. But care must be 
taken as Tester e-t al. (1979 )- · found -that-- -liming resuited 
in the decomposition of 82% in situ soil carbon . 
• 
Chemical composition of the organic wastes is very 
important not only because it affects the amount of 
wastes left in the soil but also the rate of 
decomposition of in situ organic matter. C/N ratio of 
the added materials controls the rate of decomposition 
as soil microorganisms require nitrogen for tissue 
building. C/N ratio narrower than 25 allows rapid 
decomposition(Allison 19~3). However, additional carbon 
and ni troge-n can be suppli-ed from the -so,il.- - Therefore -·-
the rate of decomposition of added materials cannot be 
estimated simply from its C/N ratio, and addition of 
organic matter with low C/N ratio stimulated the 
decomposition of in situ soil organic matter (Jackson et 
al. 1977, Terry et al. 1979). Moreover, the types of 
material added must be consiqered. Organic wastes 
composed mainly of less easily decomposed materials and 
humified materials such as anaerobically digested sewage 
14 
sludge and compost are resistant to decomposition and 
increase the soil organic matter content (Terry et al. 
1979, Lynch and Bragg 1985). It is also reported that 
.. 
humic material inhibited the mineralization of the in 
situ soil organic matter (Dinel ,et 1991). 
Conversely, those composed of readily decomposable 
debris may result in positive priming effect and 
increase the decomposition of in situ soil organic 
matter (Sorensen 1915). 
Soil environment including pH condition, 
temperature and moisture content affects the microbial 
activities and hence the rate of decomposition of added 
materials. Low pH slows down the rate of organic matter 
decomposition (MacRae and Mehuys, 1987) . However, 
Sommers et al.(1979) found that the decompostion rate 
was more obviousluy affected by the types of waste 
added than by the soil environment. Terry et al.(1979) 
also found tha~ the decomposition of sewage sludge was 
not affected by soil texture, · pH, :and-- moisture - ·content . 
• :.1 
It is only under extreme condi tio·ns that the effect of 
soil environment becomes important. 
2.2 Effect of organic matter on aggregate stability 
Abundant studies have shown that addition of 
organic wastes to · soils such as farmyard manure, 
municipal compost, crop residues, green manure and 
sewage sludge tend to improve soil aggregate stability 
15 
(Epstein 1975,Weil and Kroontje 1979, Pagliai et al. 
1981, Wei et al. 1985, Christensen 1986, ,Metzger et al. 
1987, Bhagat and Verma1991). Such improvement is 
associated with rasing 6rganic matter status of soil 
through the input from the organic wastes. This is 
supported by the high correlation between aggregate 
stability and organic matter content (Tisdall and Oades 
1982, Chaney and Swift 1984, Haynes and Swift 1990). 
However, addition of organic wastes not only change 
the organic status of -soil ,but also the organic matter 
composition. This explains why sometimes total organic 
matter content cannot explain fully the variation in 
aggregate stability (Dinel et al. 1991, Gabraiels and 
Michiels 1991). In fact, only a specific fraction of 
soil organic matter are responsible for aggregate 
formation and stabilization (Tisdall and Oades 1982, 
Met~ger 1987,). Chaney and Swift(1984) pointed out that 
total organic matter includes inactive materials(e.g. 
-
coarse lignified particles) c~pab~e _ of s~abilizing soi~ _ 
aggregates. Swift(1991) found that aggregate stability 
was not necessarily associated with absolute change ' in 
organic matter status and concluded that the quantity as 
well as the quality of organic matter were important in 
soil aggregation. The higher the organic matter 
content, the higher the fraction of specific components 
and the greater the aggregate stability. But it may also 
be possible that soil with low organic matter content 
16 
but high proportion of specific components can have 
equal or even better aggregate stability than soil with 
high organic matter content but low proportion of 
spe~ific components. 
Then what are the" specific components and 
mechanisms involved in the improvement of aggregate 
stability after addition of organic wastes? The views 
are diverse and the comparison of results are difficult 
due to different methods and materials used in assessing 
aggregate stab~lity. Specific fraction are - determined 
by incubating the soil wi th partic-ular organic material 
or by assessing aggregate stability after the removal 
of specific components. 
The stimulated fungal activities after addition of 
organic waste is regarded as the most important 








fungal activities. The 
the binding of soil 
particles by the cementing agent produced by fungi and 
the physical entanglement of soil particles by fungal 
mycelium (Aspi~a 1971, Molope 1987, Tisdall 1991). 
When the main disintegrating force is slaking, 
hydrophobic fractions of organic matter such fats, 
waxes, oils and resins effectively 
aggregate by slowing 
aggregate(Levi-Minzi 




of water into 
1990 ) . These 
fractions also increase the aggregate stability by 
proctecting the water ' soluble compounds when the 
dissolving action of water was the main destructive 
. 
force{Dinel et al. 1991). 
Other studies stressed on the importance of 
polysaccahride in aggregate stability (Chaney and Swift 
1984, Swift 1990, Roger et al. 1991). The mechanisms 
include adsorption and physical glueing of soil into 
aggregates (Chaney and Swift 1986). 
Humic acids andfulvic acids of the orgahic matter 
also enhance soil aggregati.on (Fortun et al. 1990, Dinel 
et al. 1991). The long chain aliphatic compounds in 
these materials can strengthen the cohesive force 
between soil particles and protect the soil aggregates 
from ·slaking force. 
Water and Oades(1991} explained such contradictory 
views on the specific component in aggregate stability 
was due to different scale of soil structure under 
- . 
· stud4es~ Different organic binding . agents are 
responsible _ for aggr~gate ~tability of different size 
and for v~rying effective time. Organic matter 
associated with macroaggregates is less highly processed 
while that associated with microaggregates was more 
highly processed (Gupta and Germida 1988). The effects 
of polysaccahride and fungal hyphae are transient and 
temporary respectively while that of strongly sorbed 
polymers and resistant aromatic components associated 
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with polyvalent metal cations are persistent. This is 
why different studies using different aggregate size and 
incubation time show different results. 
~esides the aggregate size and effective time, 
effort to find out the most important specific 
component is hindered by the fact that certain extracted 
fraction of organic matter is active only when it is 
applied to soil independently. Fortun(1989) compared the 
effects of manure, humic acid from manure, and humic + 
fulvic acid from manure" on aggregate stability and found 
that humic + fulvic acid in manure had no effect on 
aggregate stability while the extracted one 
significantly improved aggregate stability. Soil· 
properties also affect the significance of different 
fractions of organic matter. The binding material of 
filamentous microorganism is ineffective for soil of low 
clay content (Aspira 1971). Polysaccahride "is 
ineffective when there is limited number" of microsites 
between .. soil- particles where "{t -"can act as _asihesives in 
aggregate formation (~010pe 1987). Therefore future 
research on the specific component of organic matter in 
stabilizing aggregate and the mechanism involved should 
look at all these variables. 
Although no conclusion can be drawn on which 
materials are more important in stabilizing 
. aggregates, i t ~eems that the' stimulated ' biological 
activities and their metabolic materials after addition 
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of organic wastes play the dominant and primary role in 
improved aggregate stability. Conversely, the addition 
of organic ° material with suppressed biological 
activities will not lead to any improvement in aggregate 
stability (Tisdall et al. 1978, Metzger 1987). Guidi et 
al.(1983) found that aggregate stability increased 
during the spring oand early summer after addition of 
organic waste which was in correspondance with high 
biological activity in the soil during this period. 
Therefore it i~ doubt whether the addition of organic 
waste with high level of heavy metal such as sewage 
sludge and municipal compost will inhibit mircobial 
activities and hence reduce the benefit effects on 
aggregate stability. Brookes and McaGrath(1984) found 
that microbial biomass in the soil treated with sludge 
is less than that of soils treated with farmyard manure 
and inorganic fertilizer. Such decrease was attributed 
to less microbial biomass produced per unit of substrate 
rnput or to ' the shorter lopg.e:vit·y.- ° of the °mic·r6bial -
. . 
populations. However, the addition of organic wastes 
with toxic heavy metal did not neccessary resulted in 
reduced biomass (Tomati 1983). Smith(1991) pointed out 
that the inhibitory effects of metal on microbial 
activities are modulated by soil phyiochemical 
characteristics and decline with increasing soil cation 
exchange capacity and soil pH. Therefore the improved 
soil physical properties such as better moisture content 
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together with greater energy substrate due to addtion of 
organic matter would compensate more than the inhibitory 
effects of heavy metal (Fraser et al. 1988). Also, 
microbial biomass demonstrates remarkable adaptative 
capacity and resistance to heavy metal by reducing its 
diversity and shifting its composition towards more 
resistant strain (Olson and Thornton 1982). Generally 
speaking, the effects of metal depend on loading rate, 
quality of the organic wastes and the form in which each 
metal occurs, .The high organic matter content in the 
organic waste binds the metals and render them 
unavailable to the microorganisms. Therefore the 
inhibitory effect of heavy metal is reduced (Seaker and 
Sopper 
high, 
1988), When the application rate is 




Generally speaking, the effect of organic waste on 
aggregate stability depends on the rate and nature of 
organic wastes applied~ level of organic matter already· 
contained in the soil, and soil texture. Sommerfeldt and 
Chang(1985) pointed out that the degree of improvement 
is greatest in the less productive soils. 
2.3 Effect on bulk density and total porosity 
Organic matter from the organic wastes can 
improve the soil bulk density and total porosity (May et 
.al. 1973, Hafez 1974, Vip 1976, Darmody et al. 1983, Wei 
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1985, Skidmore 1986, Bhagat and Verma 1991). Khaleel et 
al. (1981) found that there existed a significant 
linear relationship between observed increases in soil 
organic carbon due to waste applications and reductions 
in bulk density. Therefore, the degree of improvement 
depends on the loading rate of organic wastes 
(Sommerfeldt and Chang 1985, Pagliai et al. 1981 & 1986, 
Wong and Ho 1983) and the types of organic wastes 
applied. Hafez (1974) found that the decrease in bulk 
density was greater · in·· the strawy manure treated soil 
than in the chicken manure treated soil. He concluded 
that such difference was due to faster decomposition of 
chicken manure as it contained fewer fibers of visible 
size. 
Khaleel et al. (1981) attributed the improvement in 
bulk density after addition of organic wastes to the 
dilution effect resulting from mixing of organic wastes 
with the more dense mineral fraction of soil. Therefore 
the effect of organic wastes on . the bul~ · density · is more 
pronounced for ~he coarse-textur~d.~oils. However, the 
studies mention~d · above covered wide ranges of soil 
·texture '. Hence the dilution effect may be of minor 
importance and the increase in total porosity was 
reason · for reduction in bulk density (Skidmore 
Bhagat and Verma 1991). 
the 
1986, 
Such increase in pore volume after the addition of 
organic waste was due to better aggregation resulted 
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from the increase of soil organic matter(Metzger and 
Yaron 1987) and increasing activity of the soil biota 
(Weil and Kroontje 1979). Kladivko and Nelson(1979) 
found" that the increase in pore volume was also due to 
the loosening effect of earthworm, insects and root 
hairs. The highe~ pore volume after addition of organic 
wastes may also be indirectly due to the improved 
structural stability which reduces the clogging of large 
pores by the disintegrating constituent particles in the 
presence of rain and percolating water (Hall . ~and Coker 
1983). 
2.4 Effect on field capacity and water holding capacity 
Water is essential to plant growth and the ability 
of soils to hold the incoming water from rainfall and 
irrigation determines the crop yields. The water holding 
capacity of soils is a function of texture, pore size 
distribution and soil organic matter content. 
Organic matt~r of org~nic wastes affect soil water 
cholding capacity directly by its high water adsorption 
capacity and indireclty . by changing the pore size 
distribution of soil (Gupta 1977, Kumar et al. 1984 and 
1985). An increase in water holding capacity at 
different . suction after the addition of organic wastes 
has been reported by many authors {Esptein 1975, Esptein 
et al. 1976, Vip 1976, Gupta 1977, Kladivko ·and Nelson 
1979, Weil and Kroontje 1979, Darmody 1983, Kumur 1985, 
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1979, Weil and Kroontje 1979, Darmody 1983, Kumur 1985, 
Bhagat and Verma 1991). 
Khaleel et al. (1981) concluded that changing pore 
size . distribution was responsible for increased water 
holding capacity at low tension (field capacity), while 
increased water holding capacity at high tension 
(wilting point) was the result of higher adsrptive 
capacity of organic matter. 
As the pore size distribution and the soil specific 
surface area depend on soil organic matter content, it 
has been found that the level of increase in water 
holding capacity was related to the loading rate of 
organic wastes{Borchert 1983, Morel and Guckert 1983). 
Besides, the types of organic waste is also important. 
Hafez (1974) found that strawy manure resulted in 
greater increase in water holding capacity than chicken 
manure. This is because organic wastes vary in 
adsorptive capacity and in their ability to affect soil 
-
aggregation. For example, adding fresh'cro~ resi~ue to 
the soil re~ulted in little improvement in water holding 
capacity due to its low specific surface area (MacRae 
and M~huys 1987). Vigerust (1983) also found that 
slightly decomposed sludge had higher water holding 
capacity than composted sludge and sludge. 
Besides, there were also reports that addition of 
organic wastes resulted in reduction in water holding 
capacity( Wei 1985, Wong and Ho 1991). Such reduction 
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was due to increase in the volume of large pores in fine 
textured soil. So areation and drainage was improved and 
risk of waterlogging was reduced. Therefore organic 
wastes can improve the soil water condition by 
increasing the water holding capacity of coarse textured 
soils, and by decreasing that of fine textured soils. 
However, the amount of water available to plant is 
not affected regardless of the direction of change in 
water holding 
available to 
capacity. It is because the water 
plant is the funciton of ·soil moisture 
content and the energy of retention. The available water 
capacity (AWC) which is the difference between field 
capacity(O.33 bar} and wilting point(15 bar} is more 
relevant in assessing the effect of organic wastes on 
soil water condition. 
The results of organic wastes on AWC were diverse. 
Many authors have found an increase in AWC after 
addition of organic waste (Epstein et al. 1976, Kumar et 
al.- 1~8_4 · and 1985, Sopper 1987.), while others found. that 
there wks either no change or even a decrease in AWC 
(Esptein 1975, Gupta et al. 1977, Kladivko and Nelson 
1979, Sommerfelt and Chang 1987, Bauer and Black 1992). 
Such variation was partly due to soil texture (Khaleel 
1981). Soils showing an increase in AWC were mostly 
coarse-texture (sandy and silt loam soils) and 
structureless soils (red mud and mine spoil). The · 
addition of organic wastes resulted in better 
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aggregation and higher percentage of storage pore in 
coarse textured soils. As a result the increase in WHC 
at field capacity was higher than that at wilting point 
for ~oarse textured soils, while identical· increase in 
field capacity and wilting point occurred more often in 
fine textured soils( Bauer and Black 1992). As a result, 
the increase in field capacity for sandy soils after 
the addition of organic wastes has been found by 
. Borchert{1983), . Hall and Coker(1983), and Morel and 
Gucke~t(1983), while opposite result has been oberved by 
Wei (1985), and Wong and Ho (1991) in fine-textured 
soils. 
Variation in loading rate may also account for such 
variaion. Morel . and Guckert (1983) found that available 
water was affected only with the highest treatment and 
an increase of 5 % was noted. This is because the level 
of increase in AWC depends on formation of storage pores 
rather than the amount of organic matter (Khaleel 1981). 
For e~a~ple, . Qupta '(1977) found no improvement in AWC 
in th~ soil amended with sewage~ludge because of 
limited improvement in soil aggregation. 
As the organic wastes improve the soil water 
condition through the change in soil organic matter 
content, the duration of improvement depends on the 
resistance of organic matter to biodegradation (Morel 
and Guckert 1983). 
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2.5 Effect on soil water intake and in situ soil 
moisture content 
The effects of organic wastes on soil water intake 
vary from soil to soil. Reduction in soil water intake 
in coarse textured soils is desirable where excess water 
loss and low efficient use of water are serious 
problems. Kumar et al. (1984 & 1985) found progressive 
decrease in infiltration rate by increasing the loading 
r~tes of farmyard m~nu~e. Such decrease was due to 
increase in contact angle caused by the hydrophobic 
nature of organic matter. However, the occurence of 
water repellency after addition of organic wastes became 
a serious problem (Gupta et al. 1977). Infiltration was 
dramatically reduced, rendering the subsurface soil 
layers difficult to wet (Glauser et 1988) . 
Sommerfeldt and Chang (1987) found that high amendment 
rate of manure resulted in zero infiltration. · 
In most cases, however,organic wastes can be 
- --
used to improve the - infiltr~tion of -~lowly ~ermeable 
soils (Mathers et al. 1977, Sanders et al. 1979, Wei et 
al. 1985). Esptein (19.75) attributed this increase to 
greater aggregate stability which are more resistant to 
disintegration by water and hence the disintegrated 
material is less apt to fill in the pore space. The 
better aggregation also resulted in the formation of 
macropores for rapid movement of water (Allison 1973). 
Besides, the stimulated biotic activities resulting from 
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the addition of organic wastes may produce open 
channels in the soils and promote very open channelized 
type of surface structure (Sanders et al. 1979, Weil and 
Kroontje 1979). Therefore infiltration capacity of the 
soils has increased. 
Finally the degree of improvement is related to 
soil organic matter content. Burl et al. (1982) found 
that water intake rates showed almost a straight line 
. increase with increasing rate of manure applications. A 
1% increase in organic matter decrease the time required 
for water to infiltrate by 31%. 
With greater water input from increased 
infiltration and higher water holding capacity after 
the addition of organic wastes, the soil mositure also 
increased (Bhagat and Verma 1991). For example, Wei et 
al. (1985) found that soil moisture of sludge-treated 
plots were generally higher than the control due to 
improvement of the soil permeability arid the soil 
structure allowing for less capillary controlled 
evaporation. 
2.6 Effect on mechanical resistance 
Whether the plant roots can extend into the soil 
to obtain sufficient water and nutrient depends on the 
soil strength or mechanical impedance. Soil strength is 
positively related to bulk density and negatively with 
water content (Douglas 1986). Therefore, with the 
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increase in soil moisture content, Hafez (1974) found a 
decrease in soil strength after the addition of organic 
wastes. The reduced soil strengh was 
occurence of more loosely packed soil 
1973, Pagliai et al. 1983). Such 
structure was a result of increased 






reduced crusting and improved aggregate .stabili ty after 





3.1 Study site 
Field experiment was conducted at the Tai Lung Crop 
Nutrition Experimental Farm ·of the Agriculture and 
Fisheries Department . in Sheung Shui. The experimental plot 
was abou~ 7m x 60m in size and loriated on a terrace. It 
was divided into twenty-five 1m x 10m subplots and guard 
rows surrounding these subplots. ~ere not subjected to any 
basal dressing treatments. The soil of the experimental 
plot was classified as red earth (sandy loam) and its 
properties are shown in Table 3.1. The soil is slightly 
acid and low in organic matter content. Also the soil was 
ploughed to a uniform depth of 15 cm. 






Organic matter (%) 








There were five basal dressing treatments in this 
experiment: (1) 50 mt/ha sludge, (2) 50 mt/ha spent 
sawdust litter (SSL), (3) 25 mt/ha each of sludge and 
spent sawdust litter (S+SSL), (4) 50 mt/ha sludge plus 2 
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mt/ha slaked lime (S+L), and (5) the control without any 
organic amendments. All the loading rates are on dry 
weight basis. A uniform loading rate of 50 mt/ha was 
employed in this study because in a leader experiment 
previously conducted by the Agriculture and Fisheries 
Department on crop growth, this dressing rate produced the 
best visual results for both the sludge and sawdust 
litter. Lime was added in the fourth treatment in an 
attempt t6 optimize the benefits of sludge on the -~oil 
physical properties, by suppressing the bioavailability of 
heavy metals contained in the amendment material. The 
experiment was in complete randomized design with five 
replicates for each treatment. 
The sludge and sawdust litter were ploughed in 
carefully. Altogether four crops had been grown, being in 
the order of lettuce, white radish, green cucumber and 
Amaranthus spinach. While no topdressings were added 
between harvests, minimum tillage was practised before the 
planting of successive crops. The treatment plots were 
fertilized with Nitrophoska 12 : 12 : 17 : 2 as and when 
required, in much the same way as farmers do in conven-
tional planting. 
Since the present study forms an integral part of a 
long-term project on the same subject matter, the physical 
properties of -soils were monitored after the harvest of 
the second and fourth crop. The days elapsed since the 
- initial basal dressing were 82 ( second crop) and 151 days 
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( fourth crop), 
summer seasons. 
covering the winter, spring and early 
In so doing, the temporal changes of 
physi~al properties under continuous cropping can be 
followed and compared among the different treatments. 
3.3 Soil sampling 
Soil samples were separately taken after the 
harvest of the second and the fourth crop in · April and 
August 1992 respectively. Incidentially, the second 
--harvest coincid~d - ~ith a wet period lasting for 11 days 
while the fourth harvest was carried out under dry weather 
conditions. All the samples were collected after the crop 
had been harvested and the residues removed. 
Five disturbed samples were collected from each 
sUbplot to 
aggregate 
form a composite sample for the 
stability, organic carbon and 
analysis of 
water holding 
capacity. Altogether, there were five bulked samples for 
each treatment. They were collected by driving an 
aluminum tube of 4.7 cm x 1-5 ·· cm in-t _o the soil. The· top · cm 
of soil was removed before collection in order to ensure 
homogeneity. Soil samples were stored in paper bags before 
being transported back to the laboratory. 
These samples were air dried in the laboratory for 
one week. The air dried samples were then ground and 
sieved for five minutes to give two size fractions of 
2-2.8 mm and less than 2 mm. The 2-2.8 mm fraction was 
used for the determination of aggregate stability by wet 
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sieving. Part of the fraction of less than 2 mm was used 
for water holding capacity measurement (i.e. water 
characteristics curve determination) and the remaining 
portion further sieved to < 0.25 mm for the analysis of 
organic carbon. 
Besides, five undisturbed soil samples were 
collected from each subplot for bulk density measurement. 
Altogether, there were 25 measurements for each treatment. 
~ikewise, two samples were collected from each subplot for 
the determination of moisture content at field capacity 
when ponding of the field just vanished. Altogether, there 
were ten replicates for each treatment for field capacity 
measurement. The samples were also collected by use of 
aluminum tube measuring 4.7 cm x 15 cm. They were 
carefully packed and sealed against the possible loss of 
soil materials and moisture before being transported back 
to the laboratory·for the determination of bulk density 
and moisture content. 
3.4 Methodology 
3.41 Organic carbon 
Walkley-Black partial oxidation method (Nelson and 
Sommers 1978) was used for the determination of organic 
carbon. 10 ml 5% potassium dichromate solution was added 
to 1 gm of air dried 0.25 mm soil in a conical flask. 
Then 20 ml conc. H SO was quickly added to the flask 
2 4 
which was allowed to stand for 30 minutes before being 
titrated with 0.5 N FeSO .7H O. The percent of organic 
4 2 
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carbon was calculated . as: 
Organic carbon(%) = B - T x ____ ~3~.~9 ______ ---
B Weight of sample 
. Where, B = the amount (ml) of FeS04.7H20 consumed 
in blank 
T = the amount (ml) of FeS04.7H20 consumed 
in sample 
Organic matter is obtained from multiplying the organic 
carbon content by the constant factor of 1.74 ( Chaney and 
Swift 1984). 
3.42 Aggregate stability 
In choosing the appropriate method for the 
measurement of aggregate stability, one must consider the 
types of disintegrating forces operating in the field and 
the objective of the research project. Most of the known 
methods developed attempted to simulate the forces in the 
field. 
Skidmore (1986) measured the aggregate resistance to 
wind erosion by determining the dry aggregate stability. 
~ This . is do~e by - using the method of Chepil · and the 
improved rotary sieve. In measuring the resistance of 
aggregate stability to ~ater erosion, simulated rain is 
used (Coughlan et al. 1991). 
If the research objective was to stimulate the 
effects of a sudden rewetting after desiccation and to 
measure the relative strength of intra-aggregate bond to 
the dissolution action of water as well as to assess the 
effect of organic matter on the cohesion forces and the 
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wettability of soil aggregates (Dinel et al. 1991), then 
the water stable aggregates were measured by sieving of 
the soil following a sudden immersion in water after a 
pretreatment with ethanol and benzene. 
Hamblin and Greenland (1977) measured the effect of 
internal swelling pressure on aggregate stability by 
permeability technique developed by Emerso~(1954). 
the 
The 
internal swelling pressure was obtained by draining the 
soil with successively lower concentrations of NaCl and 
the aggregate stability · is assessed by measuring the 
change in soil permeability. As the soil aggregate 
collapsed, the permeability of soil decreased'. 
Other methods simulate the effect of mechanical 
disturbance of cultivation when the soil is wet. These 
includes tubidometric technique which measures the 
resistance of air-dried soil aggregates to physical 
disruption in water (Molope 1987, Rogers 1990) and the 
modification of the wet ' sieving method of Malquori and 
Cecconi ,' in which the air~dried aggregates , ~ere placed - in 
0.25 mm mesh and moistened by water rising by capillary 
from a layer of wet sand' and then immersed in deionized 
water and shaken at room temperature (Guidi 1981, Pagliai 
1981, Kinsbursky et al. 1989). 
In this research, a modification of the wet sieving 
technique developed by Yoder (1936) is employed. As the 
objective of this research is to compare the effects of 
different organic wastes on soil physical properties with 
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time, the method used should be highly reproductive. The 
atomized spray procedure used in this study gives 
controlled wetting to soil aggregate without slaking and 
resulted in high reproductivity (Chaney and Swift 1984). 
50 g of air dried 2-2.8 mm soil aggregates were 
pre-wetted with an atomizer spray and transferred to a set 
of two sieves of 2 and 0.05 mm. The water level was 
adjusted so that the aggregates on the upper sieve (2mm) 
were just submerged at the highest point of oscillation 
and ~ieve - ~tack was oscillated at 42 circles for five 
minutes. The result was expressed as the percent aggregate 
stability which is the portion (weight) of soil aggregates 
that remains' in the sieve after correction for sand 
(Kemper 1983, Christensen 1986): 
%AS=100[(Weight of Aggregates + 'Sand)-{Weight of sand) 
Weight of sample - Weight of sand 
The procedure for obtaining the weight of the sand 
followed that of Kemper-(1983) while the weight of the 
sample was also corre~ted for ' m~isture- c6ntent. Onli 
percentages of stable aggregates greater than 2 mm and 
0.5 mm were measured in this study as the stability of 
microaggregates smaller than 0.25 mm depended more on the 
persistence of organic binding agent than on farm 
management (Tisdall and Oades 1982) and addition of 
organic materials (Dinel et al. 1991). Also, the soil (red 
earth) under investigation is known to be very well 
aggregated in the smaller size fraction by iron oxides. 
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3.43 Bulk density 
Five undisturbed soil samples were separately 
collected from each subplot after the second and forth 
harvest for the measurement of bulk density. The samples 
were collected by use of · aluminum tubes measuring 4.7 cm x 
15 cm to a depth of 15 cm. Upon return to the laboratory, 
the soil was quickly and carefully removed from the 
aluminumtube of known volume. The soil was then oven 
dried at 105 C' for 48 hours and weighed. · Bulk .. density 
(gm/cc) is obtained as the dry weight per known volume of 
soil. 
As bulk density is related to pore volume, total 
porosity can be derived from bulk density as: 
Total porosity(%) = (1 - Bulk density/Particle 
density) x 100% 
Where, particle density = 2.65 gm/cc. 
3.44 Moisture content at field capacity 
This was measured by the method of Cassel and 
Nielsen (1978). Water-tight dike was built around the 
perimeter of the experimental field and irrigated with 
water until .the soil · was thoroughly saturated and 
submerged in water . Then undisturbed soil samples ' were 
collected when the surface water had just been drained 
away by gravity. Field capacity(FC) was calculated in 
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percentage of weight as: 
Fe (%) = Initial sample weight - oven dried weight x 100% 
Oven dried weight 
This method is superior to the laboratory measurement of 
field capacity (by pressure plate extractor assembly 
involving the use of sieved soil) because it is simple 
and the soil structure is maintained. 
3.45 Water characteristics curve (Water holding capacity)-
The relationship between soil moisture content and 
soil suction was measured by pressure membrane apparatus 
(Klute 1986). Soil moisture content by weight at each 
suction was measured on 25 gm of air dried 2 mm soil 
sample after being saturated for 16 hours and then 
equilibrated for 48 hours. The suctions under 
investigation were 0.1, 0.3, 1, 5,10, and 15 bar. 
Available water moisture content (AWe) by weight was 
calc~lated as the soil mbisture conteht at 0.3 bar minus 
that at 15 bar. 
3.46 Infiltration 
This was measured in the field by use of single 
ring infiltrometer immediately .after the crops had been 
harvested and all the crop residues removed. A constant 
head of 3.8 cm of water was maintained and the amount of 
water depleted during the 1st, 3rd, 5th, 10th, 15th, 30th 
and 60th minutes was measured. The pattern of infiltration 
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rate and the accumulated hourly infiltration capacity were 
compared among the various treatments. After the second 
harvest, 3 measurements were taken at each subplot. 
However, the variation within each treatment was so great 
that four measurements were attempted at each sUbplot 
after the fourth harvest in order to increase the 
accuracy. Altogether, 
measurements after the 
respectively. 
each treatment yield , 15 
second and fourth 
and 20 
harvest ,-
3.47 Water release property {'Tensiometer measurements} 
Tensiometers were used to monitor the soil moisture 
release characteristic of each treatment throughout he 
growing period of the two crops. Owing to the limitation 
of equipments, there were only two tensiometers per 
treatment, each installed 10 cm below the soil surface. 
Two readings were taken daily just before the scheduled 
irrigations at 830 and 1530 hours. 
3.48 Mechanical resistance 
Mechanical resistance was measured in the field by 
the use of a pocket penetrometer, which was simple to 
operate and useful in comparing the relative strengths of 
cultivated soil subjected to different amendments. 
(Bradford 1978). Altogether, 25-30 measurements were 
obtained from each subplot. 
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3.5 Statistical Analysis 
Only average values for individual 
reported in this study. The difference 
parameters are 
in physical 
properties among various treatments were statistically 
analyzed by the analysis of variance and Duncan's multiple 
range test. The Duncan's multiple range test is used 
because several unrelated treatments are included in the 
experiment. The relationships between soil physical 
properties and soil organic matter content were analyzed 
by regression analysis. They were done by SAS statistical 
package. All statistical analysis was conducted at 5% 
significance level owing to inher~nt variability in 
field studies of this · nature (Kladivko and Nelson 1979). 
Therefore, the differences between the various treatments 




Effect on Soil Aggregate Stability 
4.1 Introduction 
' Under natural conditions, soil is not a mass 
without any order but rather clustered into aggregates 
of various sizes by different physical forces such as 
wetting and drying, freezing and thawing and the, 
activity of roots and soil fauna, and also in minor waYJ 
by chemical and electrical forces. The size distribution 
of aggregate's is important in controlling the various 
physiochemical and biological processes in the soil. 
Aggregates greater than 0.25 mm are generally classified 
as macroaggregates while those smaller than 0.25 mm are 
microaggregates. Their arrangement and size distribution 
are responsible for the formation of pores of various 
sizes in the soil which, in turn, allows the free flow 
of air and water as well as the retention of water and 
deeper root penetration. Therefore soil aggregation 
affects crop yields and efficient Us-e - of Wetter and 
fertilizer. 
However, soil aggregates will remain intact only 
if the forces which cohered the soil particles together 
is greater ' than the disintegrating forces such as 
rainsplash, pressure due to entrapped air when the 
aggregates are wetted suddenly (slaking forces), and 
mechanical disturbance of cultivation. With the 
disintegration of soil aggregates, soil structure 
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collapses and soil pores are then blocked and the flow 
of air and water is impeded. Unstable soil aggregation 
also resulted - in higher soil water ' and wind erosion 
(Gasperi-Mago and Troeh 1979, Gabriels and Michiels 
.1991). This is because unstable soil aggregation 
resulted in lower irifiltration and hence greater surface 
runoff. There were also reports that aggregate 
stability can maintain high crop yield during adverse 
weather conditions such as abnormal dry and wet spells 
(Mortensen and Young 1960, Benoit et al. 1962}. --This is 
because soil with stable aggregate allows better water 
retention and freer drain condition due to better 
hydraulic conductivity (Schnitzer and Gupta 1985) . 
Therefore the term 'aggregate stability' which can be 
defined as the stability of soil crumbs against various 
disintegrating forces is of great practical concern to 
agriculturists and soil scientists. It is important for 
the soil to have stable aggregation and hence suitable 
structure fot plant growth and high crop yield arid . it 
has been found that · .• ggregate stability was closely 
related to the quantity and quality of soil organic 
matter (Tisdall and Oades 1982). Therefore it is also 
important to have better understanding on the soil 
organic matter and its function in soil. 
Organic matter is a small constituent of soils, 
accounting for 0.2 to 10% of aerated mineral soil by 
weight. It consists of freshly added plant and animal 
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residues as well as humus. The definition of humus is 
diverse. According to Brady (1984), humus is the more 
resistant products of decomposition including . the 
materials synthesized by the microorganisms and the 
materials modified from the original plant tissue. It is 
black or brown in color and is colloidal in nature. The 
chemical composition of soil organic matter varies with 
vegetation, climate, biological conditions under which 
the material accumulated, and the degree of human 
modification. It is generally composed of carbohydrat~s, 
protein, lignins, fats and waxes of varying proportions. 
As carbon is a common constituent of all organic matter, 
soil organic matter is assessed by measuring the level 
of organic carbon in the soil. 
Although soil organic matter accounts for very 
small fraction of the soil, it influences the soil 
physical and chemical properties. 
It provides energy for soil microorganisms and 
through .- the decompos_ition and ··ni trification processes, 
various plant nutrients ' such as N, P and S are released 
and supplied to plant growth. 
The . stimulate9 biological activities also lead to 
aggregate formation and stabilization through the 
mechanical binding by fungi hyphae (Metzger et al 1987) 
and the chemical binding by synthesized microbiai 
products (Swift 1990). 
Because of the colloidal nature of soil organic 
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matter, it usually accounts for half or more of the 
cation exchange capacity of the soil. Therefore the 
plant nutrients are retained and protected from 
leaching. The soil organic matter can also absorb and 
hold substantial amount of ,water at the suction 
available to plant growth. 
For the above reasons, it is important to maintain 
the soil organic matter at reasonable level, especially 
in maintaining suitable structure for plant growth. 
However, . It has been found that soil organic matter 
content decreases with continuous cultivation and 
improper management (Tisdall and Oades 1980, Haynes and 
Swift 1990, Chan et al. 1992). This is because 
cultivation exposes the soil organic matter to 
microbiological attack and photochemical oxidation. Such 
decrease in soil organic matter leads to decline in soil 
aggregate stability which, in turn, adversely affects 
the soil physical properties. Therefore, addition of 
organic . wast~. s . · will 'improve · ~the status of organic 
., 
matter in s'oil, 
This experiment is designed to solve the following 
problems which are important in the rational utilization 
of sewage sludge and spent sawdust litter: 
(1) What are the effects of sewage sludge and spent 
sawdust litter on the organic matter of cultivated 
soil? 
(2) Is there any difference in the pattern of change in 
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soil organic matter with and without the addition of 
organic wastes under continuous cultivation? 
(3)What are the effects of sewage sludge and spent 
sawdu~t litter on the soil aggregate stability greater 
than 0.5 and 2 mm? 
(4)How does soil aggregate stability' change under 
continuous cultivation? 
(5)What is the relationship between percentage 
aggregate stability of particular size and the amount of 
organic matter? 
4. 2 Results ' 
4.21 Effect on soil organic matter content 
The change in soil organic matter in the treatment 
plots and control plot after the second and fourth 
harvest are summaried in Table 4.1. 
Table 4.1 Organic matter (%) of the various treatments 
after the second and fourth harvest 











Column means sharing 
significantly different 















same letter are not 
the 5% level by Duncan's 
t-test significance level between harvests: **=P < 0.05, 
NS=Not significant. 
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Addition of sewage sludge and sawd~st litter has a 
positive effect on the soil organic matter content. 
After the second harvest, all the waste-amended plots 
have higher organic matter than the control plot. There 
were, however, no significant differences between the 
various treatments. The amount of organic matter in the 
control plot is extremely low which is about 1%, and the 
addition of organic wastes of 50 mt/hectare leads to an 
. -increase to about 2%. 
The improvement - in organic matter content in the 
88L-treated plot disappeared after the fourth harvest. 
The statistical test showed that the amount of organic 
matter in the S8L-treated -plot and control plot are the 
same. All other treatments still recorded higher 
organic matter content than the control plot but again 
they were not statistically different. 
4.22 Change in organic matter under continuous 
cultivation 
The change in organic matter between the second 
and fourth harvest are also shown in Table 4.1. It has 
decreased significantly from 1.75% to 1.37% in the 88L-
treated plot. This is comparable to the control plot. 
But for the sludge, 8+88L, 8+L and the control 
treatments, the organic matter content remained constant 
and did not decrease with cultivation. 
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4.23 Effect on aggregate stability under continuous 
cultivation 
Sewage sludge and SSL also enhanced the 
percentage of stable aggregates greater than 0.5 mm. 
However, the degree of improvement decreases with time. 
The results after the second and fourth harvest are 
shown in Table 4.2. 
Table 4.2 Percentage aggregate stability greater than 
O. 5 mm after the second · an-d - fourth -harvest 
Treatments Sec~nd harvest- _ Fourth harvest t-test 
b b 
Control 8.36 5.05 ** 
a a 
Sludge 13.98 10.09 ** 
a b 
SSL 13.17 6.31 ** 
a a 
S+SSL 14.80 10.15 ** 
a a 
S+L 14.95 10.87 ** 
Column means sharing the same letter are not 
significantly different at the 5% level by Duncan's 
Multiple Range test. 
t-test significance level between harvests: **=P < 0.05, 
NS=Not Significant. 
- -
Afte~- the second harvest, -all ihe waste-amended-
plots have higher percentage of stable aggregates than 
the control plot, which, incidentally yielded the 
lowest aggregate stability. The percentage of stable 
aggregates for all the amended plots nearly doubled that 
of the control although there were no significant 
differences among the types of organic waste applied. 
After the fourth harvest, there were decreases in the 
percentage of stable aggregate greater than 0.5 mm 
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although the magnitude of decrease was about the same 
for all plots. Nevertheless, the sludge, S+SSL and S+L 
amended plots still recorded significantly higher 
percentages of stable aggregates than the control. For 
SSL-amended plots, the result is comparable to that of 
the control and is in line with the decrease in organic 
matter with time. 
- Table 4.3 Perce-ntage - aggregate stability greater than 
2 mm· between the -·-,secQnd and fourth harvest 
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between harvests: **=P < 0.05, 
Table 4.3 showed that all the waste-amended plots 
have resulted in higher percentages of stable aggregate 
greater than 2 mm than the control plot after both 
harvests. But the differences are not statistically 
significant. It seems that the addition of organic 
wastes has no effect on the stability of large 
aggregate. For all treatments including the control, 
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there were no differences in the percentage of stable 
aggregates greater than 2 mm between the second and 
fourth harvest. 
4.24 The ~elationship between percentage aggregate 
stability and the amount of organic matter 
The' relationship between the percentage aggregate 
stability> 0.5 mm and the organic matter content after 
the two harvests are shown in Figures 4.1 a and b, 
respectively. In both harvests, the - ~ercentage aggregate 
stability is positively correlated with organic matter 
content. The amount of organic matter can explain 60% of 
the variation in percentage aggregate stability greater 
than 0.5 mm in both harvests. The empirical equations 
are: 
2 
AS (second harvest) = -0.81 + 8.120M R = 0.61**(1) 
2 
AS (fourth harvest) = -1.25 + 6.220M R = 0.62**(2) 
Where, -AS = Percentage of aggregate stability >0.5 mm, 
OM = Organip- .matter content(%), 
** = Significant at the· 5.% level. 
,Figures 4. 2 a and b showed the relationship 
between percentage aggregate stability> 2mm and the 
organic matter content(%) after the two harvests. The 
empirical equations are: 
2 
AS{second harvest) = 1.79 + 1.970M R = 0.15 NS(3) 
2 
AS(fourth harvest) = 1.26 + 1.400M R = 0.23 NS(4) 
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Fig.4.1 a The relationship between aggregate stability > O.Smm 
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Fig.4.1 b The relationship b~tween aggregate stability > 0.5 mm 
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Flg.4.2 a The relationship between Aggregate stability > 2mm 































o o.s 1 1.S 2 25 3 
Organic matter content (%) 
Fig.4.2 b The relationship between aggregate stability> 2 mm 
and organic matter after the 4th halVest 
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where, AS = 
OM = 
NS = 
Percentage aggregate stability > 2 
Organic matter content (%), 
Not significant at the 5% level. 
In both harvests the amount of organic matter can 
mm, 
only 
explain 20% of the variation in percentage aggregate 
stability greater than 2 mm and both equations are not 
significantly different. This indicated that the amount 
of organic matter is not important in the stability of 
large aggregates. 
4. -3 Discussion 
Like previous studies, the application ~f sewage 
sludge and farmyard manure can improve the soil organic 
matter status (Weil and Kroontje 1979, Sommerfeldt and 
Chang 1985, Seaker and Sopper 1988). After the second 
harvest, there are no differences in the degree of 
. improvement among the various treatments probably 
because a uniform loading rate of 50 mt/ha is applied 
and the organic matter content{percent of dry matter) of 
sawdust 1i tter -( 8?%) and sewage -sludge (80%) are nearly 
the same. 
Since sawdust litter is relatively less resistant 
to decomposition, its effect on organic matter content 
disappeared after the fourth harvest. On the contra~y, 
a large portion of the anaerobically digested sewage 
sludge was resistant to decomposition as the easily 
decomposed materials were already utilized in the 
process of anaerobic digestion (Terry et al. 1979a and 
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b). Also the heavy metal in sewage sludge will complex 
with the organic matter and renders it less decomposable 
(Martin et al. 1972). Therefore the improvement in the 
organic matter content of all sludge-amended plots 
remained after the fourth harvest. In other words, the 
sustained effect of sludge on soil organic matter is 
better than sawdust litter. 
By comparing the second and the fourth harvest, it 
' seems that mixing sawdust litter with sew~ge sludge 
(S+88L) can_ improve the sustained effect of SSL . . 
Indeed, the S+SSL amended plot recorded a higher organic 
matter content than the plot amended with SSL alone 
after the fourth harvest. This may be due to the 
stabilizing effect of heavy metals in the sludge 
(Allison 1973, Martin et al. 1972), or to 'the 
suppression of microbial activities by the toxicity of 
heavy metals (Brookes and McaGrath 1974). However, 
liming did not have such effect as there were no 
differences in o-rganic matter content- b~tween _ the sludg-e -
and S+L plots. This was in contrast to the result of 
Morel and Guckert(1983) who found that sludge with lime 
could enhance the soil organic matter. The reasons for 
the different results may either be due to the low 
liming rate applied in this experiment or to different 
types of sludge applied. 
The comparison made between the second and the 
fourth harvest also suggested that there may be 
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additional supply of organic matter from the roots and 
shoots of Amaranthus crop. It is because the organic 
matter content for most of the treatment plots including 
the control remained constant after the fourth harvest. 
The degree of improvement in aggregate stability 
and its change over time in this experiment is closely 
related to the status of organic matter content. With 
the improvement in soil organic matter status, the 
application of sewage sludge and farmyard manure can 
imp~ove · the soil : ag~regate stability (Weil and Kroontje 
1979, Pagliai 1981, Haan 1983, Morael and Guckert 1983). 
However, this effect is- only limited to aggregate size 
greater than 0.5 mm. 
Figures 4.3a and b show the organic matter content 
and the percentage aggregate stability> 2 mm for all 
the treatment plots. In both harvests, the percentage 
aggregate stability> 2mm was not commensurate to the 
degree of improvement in soil organic matter. The 
correlation coefficient showed that the a~ount of 
organic matter in the soil can only explain 15% and 23% 
of the variation in the percentage aggregate stability 
greater than 2 mm after the second harvest and fourth 
harvest, respectively. Both of them are not 
statistically significant at the 5% level. Therefore the 
percentage 
aggreg~te st~bility greater than 2 mm is not related to 
the quantity of organic matter present but rather to its 
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Fig.4.3 a Organic matter ocntent and aggregate stability > 2 mm 
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quality. Elliott (1986) pointed out that the organic 
matter associated with macroaggregate (> 2mm) was less 
highly processed while that of microaggregate was more 
highly ·processed. 
The organic matter content is also higher in 
macroaggregate which includes particulate remnants of 
plant and roots with associated hyphae (Christensen 
1986). This is because the agents responsible for 
stabilizing this large aggregate are the temporary roots 
~n.d ;;.fungal hyphae (Tisdall and Oades 1982, Kinsburs-ky et 
al. 1989) which require plenty of energy for their 
growth. However, in this experiment, aggregate stability 
was measured 82 days or more after- the addition of 
sewage sludge and farmyard manure. During this period of 
cultivation, most of the easily decomposable parts of 
soil organic matter might have been utilized by the soil 
microorganisms, leaving the more resistant part and the 
product of soil microorganisms which provide less energy 
- for _ th~_g~owth of mycelium fungus. ~onsequently, poor 
macroaggregate stability was resulted. 
That quantity of s6il organic matter plays a 
secondary role in macroaggregate stability is further 
supported by the decrease, albeit insignificantly, in 
the percentage of stable aggregates greater than 2 mm 
in the S+L treated plot between the two harvests, while 
there was no change in the soil organic matter content. 
The higher percentage aggregate stability . after the 
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second harvest is probably caused by liming. Muneer and 
Oades (1989,) found that the stabilization of 
macroaggregate was related to synergistic effect of 
calcium and organic matter. However, this treatment 
did not result in higher macroaggregate stability than 
other treatments in this experiment (see Table 4.3). 
This is probably because the loading rate of lime 
(2mt/ha) is low and the soil organic matter was not 
' greatly enhanced by liming. Owing to continuous 
leaching of calcium by irrigation and rainfall, the 
macroaggregate stability decreased significantly after 
the fourth harvest. Moreover, macroaggregate stability 
could also be reduced by mechanical force of 
cultivation. 
Figures 4.4 a and b show the organic matter 
content and the percentage aggregate stability greater 
than 0.5 mm for all the treatments. Improvement in 
organic matter content was important for the enhancement 
of aggregation of ~his "SlZe " class~ Altho~gh the 
difference in organic matter content and percentage 
aggregate stability> 0.5 mm for the various treatment 
plots were not statistically significant, the degree of 
improvement in aggregate stability followed closely the 
status of soil organic matter. Also the correlation 
coefficient between percentage aggregate stability and 
organic 
matter content after the second and fourth harvest are 
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Fig.4.4 a Organic matter content and aggregate stability > 0.5 mm 
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S+SL 
0.61 and 0.62, respectively (see Equations 1 and 2). 
Both regressions are significant at the 5% level. It 
seems that the quantity of soil organic matter is 
important in accounting for the percentage aggregate 
stability 
be. due 
of this class. The high correlation may also 
to the importance of highly processed organic 
matter in the stabilization of aggregates pertaining to 
this class. In the plot amended with sawdust litter, 
the organic matter decreased after the fourth harvest 
to the same level as the control plot. Likewise, there . 
were no significant differences ~n aggregate 
between this treatment plot and the control. 
stability 
As soil 
organic matter was not different among the treatments of 
sludge, S+SSL and S+L, the degree of improvement was not 
significantly different either. 
Another interesting finding is that the 
percentage aggregate stability greater than 0.5 mm for 
the sludge, SSL, S+L and control plots were . invariably 
low~r after the fourth harvest than after the second 
harvest . . With the exception of the SSL-treated plots, 
there was no decrease in ioil organic matter (see Table 
4.1). This may be due to the fact that plenty of 
Amaranthus root residues were left after the fourth 
cropping. But such fresh organic materials 
ineffective in stabilizing aggregates until 






short, the quantity as well as the quality of soil 
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organic matter are important in maintaining soil 
structural stability. 
4.4 Conclusions 
From findings of this experiment, the following 
conclusions are summarized. 
(1) With the organic input from the organic wastes, all 
the treatment plots yielded higher organic matter 
content than the control. Since the same loading rate 
was used arid the organic matter content of the amendment 
materials was similar, the improvement in soil organic 
matter for all the treatments were the same. 
(2)The organic matter content of the sludge, S+SSL and 
S+L plots remained constant after the fourth harvest. 
Because SSL is less resistant to decomposition, ' the 
organic matter c6nt~nt is reduced to levels comparable 
. to the control plot after the fourth harvest. 
(3) The percentage aggregate stability> 0.5 mm was 
greatly improved by the addition of organic wastes in 
bot~ harv~~ts~ On ihe oth~r hand~ percentage aggregate 
stability > 2mm was not improved by the quantity of 
organic matter. 
(4) There were no changes in the percentage aggregate 
stability > 2 mm between the second and the fourth 
harvest. However, the percentage aggregate stability > 
0.5 mm · decreased significantly as a result of continuous 
cUltivation. The greatest decrease occurred in the plot 
amended with sawdust litter. 
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mm is (5) The percentage aggregate stability> 0.5 
significantly and positively correlated with 
matt~r content. Therefore aggregate stability 
organic 
of 
class can be improved by increasing the loading rate 




correlation coefficient between percentage aggregate 
stability > 2 mm and organic matter content is low and 
insignificant. This clearly indicates that the quantity 
as well as the quality of -organic matter are important 
in improving the stability of large aggregates. 
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Chapter 5 
Effect on Bulk Density, Total Porosity and 
Mechanical Resistance 
5.1 Introduction 
Soil is a porous material with pores of varying 
sizes. The shape and size of these pores are related to 
many chemical and physical processes in the soils as 
well as the extension of plant roots. High proportion 
of continuous and elongated pores is important for good 
- aeratio·n - (Pagliai 1986). Functional 
classification of pore sizes was given by Greenland 
(1977). Pores ranging from 50 um to 500 urn are - termed 
transmission pores which are responsible for the rapid 
movement of air, percolation of water and easy growth of 
roots. Pores ranging from 0.5 urn to 50 urn are storage 
- pores responsible for the holding of water. Therefore, 
pore spaces in the soil are related to aeration, gas 
exchange, water supply to plant growth and mechanical 
resistance to root · growth. 'For a g.ood soil", it should 
have large volume of pore space and in which sufficient 
proportion of them are transmission pores for good 
aeration and sufficient proportion are storage pores for 
good water supply (Letey 1985). Soils with a large 
volume of pore space also have lower mechanical 
resistance to root growth. 
The amount of pore spaces in the soil is measured 
by bulk density and total porosity. Bulk density is 
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defined as the mass (weight) of a unit volume of dry 
soil which includes both solids and pores. Bulk density 
is related to soil texture, soil depth, the volume of 
pore spaces and farm management. Therefore, high bulk 
density indicates poor aeration and infiltration, and 
greater restriction to root extension (Hamblin and 
Davies 1977). Meek et al. (1992) found that an increase 
of bulk density from 1.7 to 1.89 gm/cc decreased the 
infiltration rate by four times and increased resistance 
to penetration by three times. 
Such increase in mechanical resistance is 
resulted from more closely packed soil structure or the 
formation of hardpan. Voorhees (1975) found that root 
length density increased as soil resistance increased 
due to increased production of first order laterals and 
decreased rooting depth. This limited root extension 
resulted in limited supply of water and nutrient to the 
leaves (Morris and Daynard 1978). Therefore the crop 
yield will be reduced even with high. nutrients and water · 
inputs. 
Total porosity is defined as the percentage of 
pore spaces (both transmission pores and storage pores) 
of a unit volume of soil. In fact, total porosity is 
derived from bulk density. 
Generally speaking, bulk density, total porosity 
and mechanical resistance are important indicators on 
the structure of soils. The smaller the bulk density and 
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hence the greater the total porosity and the smaller the 
mechanical resistance are ideal conditions for plant 
growth, except in the case of very sandy soil which 
consists of a large proportion of transmission pores. 
The arable soils in Hong Kong usually suffer from 
the problems of high bulk density, low total porosity 
and high mechanical resistance because of intensive 
farming. Annually, 7 - 8 crops are produced. The 
repeated tillage, soil compaction and possibly loss of 
clayey materials have resulted in structural breakdown 
of the soils. Therefore, the productivity of the local 
soil is declining. 
For these reasons, this Jexperiment was designed 
to investigate: 
(1) Can sewage sludge and sawdust litter be used to 
ameliorate the physical soil problems of high bulk 
density and low total porosity? 
(2)How do these effects change with time under 
"c6ritinuous cultivation?" 
(3)What are the relationship between bulk density soil 
organic matter and aggregate stability? 
(4)What effects sewage sludge and sawdust litter have 
on soil mechanical resi~tance? 
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5.2 Results 
5.21 Change in bulk density and total porosity 
The results on bulk density and total porosity 
after-the second and fourth harvest are shown in Tables 
5.1 and 5.2, respectively. 
Table 5.1 Bulk density (gm/cc) after the second and the 
fourth harvest 


































Column means sharing 
significantly different 
multiple range test. 
t-test significance level 
N8 = Not significant 
between harvests: **=P < 0.05, 
The organic matter content of the organic waste 
did -improve the soil bulk density. After the second 
. - . 
harv~~t, all th~ waste~amerided plots showed significant 
reduction in bulk density and increase in total 
porosity. There were, however, no significant 
differences among the various treatments. After the 
fourth harvest, the control plot still recorded the 
highest bulk density and lowest total porosity. The 
application of sawdust litter (88L) alone yielded 
significantly lower porosity and higher bulk density 
than the various sludge treatments. Again, there were no 
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,significant differences in bulk density between the 
different sludge-treated plots at the fourth harvest. 
Table 5.2 Total porosity (%) after the second and the 
fourth harvests 
Ireatments Second harvest Fourth harvest t-test 
b c 
Control 36.61 40.62 
** a a 
Sludge 40.56 45.69 ** 
a b 
SSL 40.11 43.08 ** 
a a 
S+SSL 41.40 45.69 ** 
a a 
S+L 42.50 45.61 
** 
Column means sharing the same letter are significantly 
different at the 5% level by Duncan's multiple range 
test. 
t-test significance level between harvests: **=P < 0.05, 
NS = Not significant. 
5.22 Change in bulk density and total porosity under 
continuous cultivation. 
The t - test results (Tables 5.1 and 5.2) showed 
that for all th~ treat'ment plots and control 'plots, 
there was a significant reduction in bulk density from 
the second harvest to the fourth harvest. Consequently, 
the total porosity of all the treatment and control 
plots also increased significantly. However, the d~gree 
of improvement on bulk density and total porosity in 
the plot treated with sawdust litter was less than those 
of the sludge-treated plots. 
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5.23 Change in bulk density and total porosity , in 
relation to organic matter content and aggregate 
stability 
-Figure 5.1 a and b show the relationships between 
bulk density and organic matter after the second and 
fourth harvest. Regression analysis showed that the 
bulk density (BD) was negatively correlated to organic 
matter content (OM). The empirical equations are: 
2 
BD( S,econd harvest) = 1.87 0.170M R = 0.40**(1) 
2 
BD(Fourth harvest) = 1.69 - 0.130M R = 0.53**(2) 
2 
BD(Pooled) = 1.71 - 0.1127 OM R = 0.19**(3) 
Where, ** = Significant at the 5% level 
From the equations, it seems that organic matter is 
beneficial to bulk density improvement. However, it can 
only explain 19, 40 and 53% of the variations, 
indicating that other factors such as texture and 
cultur~l prac~ites ,are also ' important. The extremely low ' 
correlation determination for the combination of 
harvests C see Equation 3) may be due to great 
variations between the second and the fourth harvest. 
As aggregate stability (AS) is significantly 
related to organic matter ( Figures 4.1a and b), a 
negative but significant relationship also exists 
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Fig.5.1 a The relationship between bulk density and 
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3 
between bulk density and aggregate stability (Figures 
5.2 a and b) ~ The empirical equations are: 
2 
BD(Second harvest) = 1.80 - 0 .. 014AS R = 0.32**(4) 
2 
BD{Fourth harvest) = 1.64 - 0.019AS R = 0.67**(5) 
2 
BD{Pooled} = 1.56 - 0.0028AS R = 0.014 NS ( 6 ) 
Where, ** = 
NS = 
Significant at the 5% 
Not significant. 
level 
Again, aggregate stability only explains 32 and 67% of 
the variation in bulk density for the second and fourth 
. harvest, r~spectively (Equations 4 and 5)~When the data 
from both harvests are pooled together in the analysis, 
the relationship became insignificant because of the 
aforesaid reason. 
As total porosity is derived from bulk density, 
total porosity exhibits significant positive 
relationships with organic matter and aggregate 
stability. In short, sewage sludge and SSL are capable 
of improving the soil aeration and water holding 
capaeity, - although the sustained effect of ~ludge is -
longer and more conspicuous. The addition of lime and 
the combined treatment of sludge and sawdust litter 
yielded results comparable to sludge treatment alone. 
5.24 Change in mechanical resistance 
Table 5.3 shows the mechanical resistance after 
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Table 5.3 Mechanical resistance (Kg/cm) after the 
second and the fourth harvest 
Treatments Second harvest Fourth harvest 
c c 
Control 0.126 0.121 
-a a 
Sludge 0.080 0.087 
ab b 
SSL 0.086 0.115 
b a 
S+SSL 0.092 0.090 
a a 
S+L 0.081 0.099 
Column means sharing 
sig~ificantly different 
multiple range test. 
the same 





that all the waste-amended plots recorded lower 
mechanical resistance than the control in both harvests. 
But the degree of improvement was not the same among the 
different treatments. After the second harvest, the 
mechanical resistance of sludge and S+L treated plots 
was significantly lower than those of the SSL and S+SSL 
counterparts. After the fourth harvest, SSL recorded 
significantly higher mechanical resistance than other 
- waste-amend~d plots. No cbmparison was made betw~en the 
seconq and the fourth harvest because of different 
climatic condition and soil moisture content. 
5.3 Discussion 
Regardless of the types of organic wastes, liming 
and treatment combination, both sewage sludge and 
spent sawdust litter lead to reduction in bulk density 
as compared to the control plot. Such improvement was 
unlikely the result of dilution from organic matter 
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contained in the amendment materials as suggested by 
Khaleel et al. (1981) since organic matter accounted for 
only 0.5 "1% of the soil content. This was also 
supported by the fact that further improvement in bulk 
density at the £ourth harvest was not occasioned by a 
concomitant increase in soil organic matter (see Table 
4.1). More important still, organic matter can only 
explain 40-50% of the variation in bulk density (see 
Equat-ions 1 and 2). 
The low content of organic matter also suggests 
that the types are not important in the degree of 
reduction in bulk density. This explained why there 
were no differences in bulk density between most of the 
waste-amended plots after the second and fourth 
harvest. Thus the improvement in bulk density was more 
likely a result of the indirect effects of organic 
matter contained in sewage sludge and sawdust litter. 
" ~ The low correlation determination between " bulk density 
- -
ana organic -matter simply reflects. the indirect role or 
the latter in improving soil structure including larger 
pore volume and greater percentage aggregate stability. 
Nonetheless , organic matter content can still explain 
changes in bulk density as shown in Figures 5.3a and b. 
It seems that lower bulk density was occasioned by 
higher organic matter content in both harvests. That 
the SSL plots recorded a relatively higher bulk density 
than the other waste-amended plots after the fourth 
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Fig.5.3 a The change in bulk density in relation 
. '.' to organic matter content after the second halVest 
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Fig.5.3 b The change in bulk density in relation 
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harvest was due to the reduction in organic matter 
content. 
The reduction in bulk density was likely due to 
increase in macro- a·nd micropores as infiltration 
(chapter 6) and field capacity (chapter 7) of the waste-
amended plots were higher than that of the control plot. 
This finding is in line with that by Meek et al. (1992). 
As a corollary, the reduction in bulk density is . likely 
due to improvement in total porosity after the addition 
of organic wastes. 
The increase in total porosity is . largely due to 
greater aggregate stability after the addition of sewage 
sludge and spent sawdust litter. As seem from Figures 
5.4 a and b, the total porosity in all the treatment 
and control plots were highly associated with percentage 
aggregate stabili ty in both. harvests. The greater the 
aggregate stability, the higher the total porosity. This 
is because soils with low aggregate stability tend to 
- . 
collapse and disintegr~te wit~ . rainf~ll~nd - t~ltivation 
and thus increasing the risks of clogging of pores and 
the formation of hardpan. The increase in total porosity 
after the application of sewage sludge and spent sawdust 
litter may also be due to the loosening effect of 
increased biological activities. For example, Weil and 
Kroontje (1979) found that the activity of soil fauna 
increased after the addition of large a~ount ' of organic 
waste. 
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Fig.5.4 a The change in total porosity in relation 
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Quite unexpectedly, the total porosity did not 
decrease with continuous cultivation. Instead, it 
increased for all the treatments and control plots after 
the fourth harvest (Table 5.2). As the control plot 
exhibits a similar trend, it seems that factors other 
than the addition of organic wastes are responsible for 
this change. 
This could probably be explained by the physical 
stress of abnormal heavy spring rainfall in early April 
1992 (see Figures 7".2a "and b) " ~hich caused soil 
compaction, especially when the soils became unprotected 
after harvest (Pagliai et al. 1981, Guidi et al. 1983). 
Such variation "in total porosity may also be 
due to seasonal variation in biolological activity 
(Kladivko and Nelson 1981, Borchert 1983). Indeed, 
Kladivko and Nelson (1979) found that bulk density 
decreased over the entire growing season and increased 
over winter due to the loosening effect of earthworms, 
"insects and root hairs. Hence, the relatively higher 
total porosity obtained after the fourth harvest may 
also be due to more active biological activity in summer 
time. 




and fourth harvest ~ay also be due to 
shorter growing period and denser 




compared to the white radish(second cropping). The time 
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lag between tillage, albeit minimum, and soil sampling 
of the fourth harvest(20 days) was shorte~ than that of 
the second harvest(40 days). Consequently, higher total 
porosity was recorded foi the fourth harvest . 
. Figures 5.5a and b show the change in mechanical 
resistance in relation to bulk density after the second 
and the fourth harvest, respectively. The decrease in 
bulk density after the addition of sewage sludge and 
sawdust .litter also benefits the plant by reducing the 
mechanical~esistance to root growth. This reduction was 
due to the more loosely packed soil structure as 
reflected in 
sewage sludge 
the improved total .porosity. 
and sawdust litter can be 
Therefore, 
used to 
ameliorate cultivated soils in Hong Kong that are 
usually high~y compacted with strong mechanical 
resistance. 
Conclusions 
From the 1in~in~s of the _present experiment, ' the 
following con9lusions can be summarized: 




sawdust litter are organic 
lowering the bulk ' density and 
improving the total porosity of cultivated soils. Sludge 
is superior to sawdust litt~r in this aspect, and the 
sustained effect is clearly demonstrated at the fourth 
harvest. 
(2)Bulk density and total porosity did not deteriorate 
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Fig.S.5 a The change in mechanical resistance in 
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S+L 
with continuous cropping, as is gen~rally believed. This 
may be caused by abnormal weather conditions and the 
return of plant residues to the soil between harvests. 
(3) Bulk density is negatively correlated with organic 
matter content and aggregate stability. The improvements 
in bulk density and total porosity were due to 
improvement in soil structure which, in turn, was 
facilitated by sludge and sawdust amendment. 
(4) With the improvement in bulk density, the mechanical 
resistance for the amended - plots were significantly 
reduced in both harvests. 
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Chapter 6 
Effect on Soil Water Retention 
6.1 Introduction 
Water is important to the operation of many 
physiochemical processes in plant growth and soil 
microorganisms. Water in the soil is held mainly by 
adhesion and cohesion, and the total of such force is 
usually expressed in terms of energy as soil suction. 
-Gerierally, the amount of water available to plant 
growth is a function of soil moisture content and the soil 
suction force. The maximum soil moisture content at a 
particular soil suction is called water holding capacity 
which is positively related to the amount of water 
available to plant growth. However, whether this water 
held by soil is available to plants depends on the soil 
suction force. When the suction is excessively high, the 
plant cannot extract this held water for growth. 
Conversely, soil moisture held by low suction is easily 
drained away by gravity. Because of this reason, the soil 
moisture content at fiel~ capacity and wilting point are 
of great interest to soil scientists and agriculturists. 
Field capacity is defined as the situation when the 
soil micropores are saturated with water while the 
macropores are filled by air. This occurred when the soil 
suction is equivalent to 0.33 bar. Wilting point is 
defined as the amount of soil moisture which is too little 
and held extremely tightly by the soil that the plant 
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cannot extract. This varies with the plants and generally 
occurred at 15 bars for most plants. The difference 
between the soil moisture at field capacity and wilting 
point is regarded as available ~ater capacity (AWC). The 
amount of soil water held at different suctions is often 
represented by the water characteristics curve. 
Water holding capacity of soil is controlled 
primarily by the number of pores and pore size 
distribution, as well as by -the specific surface area of 
soils (depends on the amount of colloild, organic matter 
content .and texture). It is therefore an important soil 
physical property. 
With continuous cultivation, soil organic matter 
content is reduced, resulting in the deterioration of and 
reduction of pore spaces. The soil moisture content 
becomes unfavourable to plant growth. Thus, organic 
wastes are sometimes used to rectify' the poor soil 
moisture status under continuous cultivation. 
~ The objebtives of this experiment are to seek -' 
answers to ~he following questions: 
1) Can sewage sludge and sawdust litter be used to 
improve the field capacity of cultivated soils? 
2) How does the field capacity change under continuous 
cultivation after the addition of sewage sludge and 
sawdust litter? 
3) What are the effects of sewage sludge ~nd sawdust 
litter on the water characteristics curve of the soil? 
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4) Are there any differences in the pattern of change in 
water holding capacity with and without the addition of 
organic wastes under continuous cultivation? 
5) How does available water capacity change with the 
addition of sewage sludge and sawdust litter under 
continuous cultivation? 
6) What are the relationships between field capacity, 
water characteristics curve, available water capacity and , 
organic matter content? 
6.2 Results 
6.21 Field capacity and change between the second and 
fourth harvest. 
The results of field capacity after the second and 
fourth harvest are shown in Table 6.1 
Table 6.1 Field capacity (% ) after the second and fourth 
harvest 
Treatment"s Second harvest Fourth· harve'st· t-test 
b b 
Control 18.60 19.34. NS 
a a 
Sludge 21.97 22.03 NS 
a b 
SSL 22.20 20.12 ** 
a a 
S+SSL 21.61 21.89 NS 
a a 
S+L 21.80 22.66 NS 
Column means sharing the same letter are not significantly 
different at the 5% level by Duncan's Multiple Range test. 
t-test significance level between harvests: **=P <0.05, 
NS=Not significant. 
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The moisture percentage by weight at field capacity, 
increased due to the addition of sewage sludge and sawdust 
litter after the second harvest. The field capacity for 
the 'sludge, 88L, 8+88L and 8+L treated plots were 3.5, 
4, 3 and 3.2% higher than that of the control plot, 
respectively. However, there were no significant 
differences among the various treatments. 
The respective differences in field capacity between 
the treated plots and control plot became smaller after 
the fourth harvest. The field capacity of the sludge, 88L, 
S+8SL and 8+L treated plots were only 2.5, 2, 2.5 and 3% 
higher than that of the control. With the exception of 
SSL, field capacity is significantly lower than the 
control at the 5% level by Duncan's multiple range test 
and there were no differences among the sludge, S+SSL and 
8+L treated plots. The plots amended with sawdust litter, 
however, recorded comparable moisture content to the 
control. 
and 
Although the differences . b~tween the tr~~ted ' 
control plot were reduced from the second 
plots 
to the 
fourth harvest, the t-test showed that no significant 
changes of field capacity had occurred in the sludge, 
8+88L, 8+L and control plots at the 5% level. On the 
contrary, that of the 88L treated plots was significantly 
reduced from 22.2% to 20.12% between harvests. This 
coincided with the reduction in organic matter content and 
increase in bulk density after the fourth harvest (see 
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Chapters 4 and 5). 
6.22 Relationship between field capacity and organic 
matter content. 
As the change in field capacity for the waste-
amended plots is partly attributed to increased organic 
matter content, regression analysis was performed to 
investigate the relationship between field . capacity and 
soil organic matter content (Figures 6.1 a and b). The 
empirical equations are : 
All 
FC (second harvest) = 12.97 + 4.9 OM 





Where, FC = Field capacity (% by weight), 
OM = Organic matter content(%), 
** = Significant at the 5% level. 
the equations showed a significant positive 
relationship between field capacity and soil organic 
matter content. However, soil organic matter can only 
explain 45-56% of the variations in filed capaci~y . 
• r 
6.23 Water characteristics curve 
The influence of sewage sludge and sawdust litter on 
soil moisture retention under different suctions after the 
second and fourth harvest is shown in Figures 6.2 a and 
b, respectively. In both measurements, the addition of 
organic wastes has lifted the water characteristics curve 
slightly. The degree of improvement at each suction was 









Fig.6.1 a The relationship between field capacity 
and organic matter content after the 2nd halVest 
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Fig. 6.2.a Water %haracteristics ft'urve at different treatments 
after the second harvest 
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Fig. 6.2 b Water ~aracteristics Curve at different treatments 

















o 2 4 6 8 10 12 14 16 18 20 
Water Suction (bars) 
...... Sludge + SSL "* S+SSL ..... S+L * Control 
87 
increasing suction and the greatest improvement occured at 
10 and 15 bar. However, the improvement in soil moisture 
content for all the waste-amended plots was too small to 
be statistically significant at the 5% level by Duncan's 
mUltiple range test. The greatest improvement was only 
1.49% (S+L) after the second harvest and 0.89% (S+S8L) 
after the fourth harvest. 
6.24 Change in water characteristics curve between the 
second and fourth harvest 
Tables 6.2 a - e showed the change in soil moisture 
content with suctions for individual treatment of the 
second and fourth harvest. 
Table 6.2a The change in water holding capacity (%) of 
sludge-treated plot between the second and fourth harvest 
Bar Second harvest Fourth harvest t test 
0.1 22.81 20.96 NS 
0.3 17.47 16.54 N8 
1 12.47 11 .74- NS 
3 8.42 8.44 NS 
5 6.57 6.72 NS 
10 5.69 6.14 NS 
15 4.93 4.52 NS 
*NS means not significantly different between harvests at 
the 5% level by t-test. 
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Table 6.2b The change in water holding capacity (%> of 
SSL- treated plot between the second and fourth harvest. 
Bar Second harvest Fourth harvest t test 
0.1 22.82 20.87 NS 
0.3 17.44 16.26 NS 
1 11.94 11.00 NS 
3 8".23 7.87 · NS 
5 6.30 6.24 NS 
10 4.94 5.31 NS 
15 4.4 4.89 NS . 
*NS means not significantly different between harvests at 
the 5% level by t-test. 
Table 6.2c The change in water holding capacity of S+SSL 
treated plot between the second and fourth harvest 
Bar Second harvest Fourth harvest t test 
0.1 22.95 21.10 NS 
0.3 18.05 16.40 NS 
12.26 12.35 NS 
3 8.61 8.45 NS 
5 6.61 6.63 NS 
10 5.35 5.83 NS 
15 4.53 5.26 NS 
*NS means not significantly different between harvests at 
the 5% level by t-test 
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Table 6.2d The change in water holding capacity (%) of 
S+L-treated plot between the second and fourth harvest. 
Bar Second harvest Fourth harvest t te§t 
0.1 22.92 21.22 NS 
0.3 17.68 16.34 NS 
1 12.49 12.21 NS 
3 8.28 8.2,5 NS 
5 6.45 6.45 NS 
10 5.75 5.39 NS 
15 5.41 4.73 NS 
*NS means not significantly different between harvests at 
the 5% level by t-test. 
.T.a.ble 6 .-2.~ Th_e ch~pge in ~Rt~r holQin~ capacity 9f -, th.e~ 
control between the second and fourth harvest. 
Bar Second harvest Fourth harvest t test 
0.1 22.13 20.72 NS 
0.3 17.21 16.34 NS 
1 11.76 12.21 NS 
3 7.92 7.88 NS 
, . 
5 -- 6'-. 13 6.22 NS 
10 5.08 5.23 NS 
15 3.92 4.37 NS 
*NS means not significantly different between harvests at 
the 5% level by t-test. 
Overall, there was a slight decrease of up to 2 
percent water holding capacity at all suctions for the 
different treatments after the fourth harvest. A greater 
reduction was observed at the low suction range than at 
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the high suction range. However, these changes were not 
statistically significant at the 5% level by t-test. 
6.25 "The relationship between water holding capacity and 
organic matter content. 
Significant positive correlations were found 
between the soil moisture content and the amount of soil 
organic matter at nearly all the suctions investigated in 
this experiment. The empirical equations and coefficients 
of -determination for each suction are shown in Table 6.3. 
It seems that the amount of soil moisture content 
that- can be explained by the organic matter content 
varies greatly with suctions. Organic matter content was 
more important in explaining the soil moisture content at 
high suctions of 5 - 15 bars after the fourth harvest. 
This trend is, however, less conspicious at suctions 0.1 -
3 bars between the two harvests. 
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Table 6.3 The relationship between soil moisture content 
and organic matter content at different suction· t 
Suction(Bar) Empirical equations 
0.1 SMC(second harvest)=17.91+3.310M 
SMC(fourth harvest)=18.18+1.380M 
0.3 SMC(second harvest)=14.7+1.790M 
SMC(fourth harvest)=13.7+1.750M 
1 SMC{second harvest)=10.2+1.160M 
SMC(fourth harvest)=10.1+1.150M 
3 SMC(second harvest)=6.64+0.970M 
SMC(fourth harvest)=13.7+1.750M 
5 SMC(second. harvest)=5.19+0.720M 
SMC(fourth harvest)=4.99+0.940M 
10 SMC(second harvest)=4.09+0.770M 
SMC(fourth harvest)=4.18+0.920M 
15 SMC(second harvest)=5.16+1 : 260M 
SMC(fourth harvest)=3.83+0.590M 
Where, SHC = Soil moisture content (%), 
OM = Organic matter (%), 
6.26 
** = Significant at the 5% level, 
NS = Not significant, 
Change in available water capacity 
-
relationship with organic matter ~o~tefit 
2 
R 















The moisture content by weight at available water 
capacity (AWC) for all the treatments and control are 
shown in Table 6.4. There were no significant differences 
among the various treatments and control after the 
second and fourth harvest. Also no change in available 
water capacity has occurred between the second and fourth 
harvest in all the treatment plots. 
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Table 6.4 The available water capacity (%) after the 
~econd and fourth harvest 
Treatments Second harvest Fourth harvest t-test 
a a 
Control 12.84 11.53 NS 
a a 
Sludge 12.54 12.42 NS 
a a 
SSL 12.50 12.05 NS 
a a 
S+SSL 13.52 12.60 NS 
a a 
S+L 11.87 11.63 NS 
Column means sharing the same letter are not significantly 
different at the 5% level by Duncan's multiple range test. 
t-test --, significance level between harvests: **=P <0.05, 
NS=Not significant. 
Regression analysis was performed in an attempt to 
find out the respective relationships between AWC and soil 
organic matter content after the second and fourth 
harvest. Their relationships are graphically shown in 
Figures 6.3 a and b and the empirical equations are 
summarized below: 
2 
AWC(second harvest) =9.38 + 1.910M R 0.23**(17) 
2 










Available water capacity (%), 
Organic matter content (%), 
Significant at the 5% level, 
Not Significant at the 5% level. 
Available water capacity is positively correlated 
organic matter content. The coefficient of 
determination showed that about 20 percent of variations 
in available water capacity can be explained by the amount 









Fig.6.3 a The relationship between available water capacity (%) 
and organic matter content after the 2nd halVest 
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than the quantity of soil organic matter are also 
important in affecting the soil water holding capacity. 
T~ese may include changes in the quality of soil organic 
matter, pore space and pore size distribution. 
6.3 Discussion 
6.31 Change in field capacity 
Addition of organic matter in the form of sewage 
sludge and sawdust litter significantly improved the field 
capacity of -the saridy soil- under . investigation. Previous 
studies have shown that such increase is due to the high 
absorption capacity of organic matter, increased pore 
space and the formation of storage pores (Khaleel et al. 
1981, Borchert 1983, MacRace and Mehys 1987, Metzger and 
Yaron 1987). In this experiment, the change in field 
capacity followed closely the pattern of change in bulk 
density and the amount of soil organic matter content 
(Figures 6.4 a and b). With lower bulk density and 
higher organic matter .. content, all the waste-amended plots 
yielded significantly ' high~r ~moist~re c6ritent at field 
capacity after the second harvest. With the increased bulk 
density and decreased organic matter content, sawdust 
litter did not cause any significant difference in field 
capacity against the control plot after the fourth 
harvest. This indicated that maintaining better soil 
structure and organic matter conterit by sewage sludge and 
sawdust litter is important to provide good soil moisture 





Fig.6.4 a Field capacity, Bulk density and Organic 
matter content after the second halVest 
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effective than sawdust litter in enhancing water holding 
capacity of the soil. This is in line with the findings 
on organic matter, bulk density and aggregate stability. 
Generally speaking, the organic matter of sewage 
sludge and sawdust litter improved the field capacity 
directly by higher adsorptive surface and indirectly by 
improving the soil structure. Thus, the unexplained part 
of variation in field capacity by organic matter content 
could be due to the improvement in soil structure. 
Moreover, the degree of improvement can be 
enhanced by increasing the loading rate of 
further 
organic 
materials since field capacity and soil organic matter 
content are positively correlated. For sawdust litter, a 
higher loading rate or more frequent application are 
required to sustain its benefits on the soil. 
6.32 Change in water holding capacity and available water 
capacity 
The water characteristics curves clearly indicate 
that all the plots amended with sewage sludge and sawdust 
litter (SSL) tend to hold more water. There are two 
possible mechanisms for this increase viz the increase in 
the volume of storage pores and increase in adsorptive 
surface due to higher organic matter content. As indicated 
by Khaleel et al. (1981), the increase in water holding 
capacity (WHC) at low suctions after the addition of 
organic wastes was mainly due to an improvement in the 
volume of storage pores while at high suctions, an 
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increase in adsorptive surface was of primary importance. 
It appears in the present study that the increased 
adsorptive surface due to organic matter content was the 
main reason accounting for the improvement in water 
holding capacity. Indeed, the greatest improvement in 
water holding capacity occurred at high suctions while a 
less conspicuous improvement was noted at low suctions. 
However, the increase in WHC as a result of waste 
amendment was ' too slight to produce any significant 
results. This may be due to the low loading rate applied 
or to the fact that more frequent applications are 
required under conditions of continuous cropping. Morel 
and Guckert (1983) found that only at high loading rate 
(140 mt/ha) did the application of sewage sludge increase 
the soil water holding capacity. In fact, the organic 
matter content of all the waste-amended plots was only 
about 0.5 percent higher than that of control. This 
difference in organic matter,- though .statistically 
significarit, may not be able to - r~~ult in 
increase in WHC. 
sign~ficant 
Moreover, the laboratory measurement of WHC should 
be considered approximatiori only (C~ssel and Nielson 1986) 
since the soil structure which is important in storing 
water has been disturbed. In comparing the moisture 
content at 0.3 bar measured in field (field capacity 
measurement) and ' in laboratory (water characteristics 
curve determination) there was a great discrepancy between 
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the results. The in situ field capacity of the waste-
treated plots was significantly different from the 
control while the one measured in laboratory on disturbed 
samples showed that there ·were no significant differences 
between the waste-amended plots and the control. This 
indicated that improvement in soil structure resulted from 
the addition of sewage sludge and sawdust litter was 
equally, if not more important, than the sorptive effect 
-o-f organic matter. 
As the laboratory method used in assessing the WHC 
determines only the sorptive effect of organic matter but 
not the effect of improvement in soil structure, there 
were no significant differences in available water 
capacity between the amended and control plots. It is 
thus clear that in a structureless soil, organic matter 
alone will result in similar increase in wHc at field 
capacity and at wilting point. This finding is in line 
with that of Khaleel et al . . (1981). 
Nevertheless, the soil ~ater holding capacitiand~ 
available water holding ~apacity can be improved by the 
addition of sewage sludge and sawdust litter. The addition 
of lime and the combined treatment of the two organic 
materials produced similar effects. However, this benefit 




From the findings of the present experiment, the following . 
conclusions are summarized: 
( 1 ) ·Sewage sludge and sawdust litter significantly 
increased the moisture content of the cultivated soil at 
field capacity. There were, however, no differences in the 
degree of improvement among the various treatments 
including the mixed and limed plots. 
(2) Under continuous cultivation, field capacity of the 
SSL-treated plot decreased significantly to a level 
comparable to that of the control. On the other hand, the 
field capacity of the sludge, S+SSL, S+L plots remained 
constant and significantly higher than the control 
the fourth harvest. 
after 
(3)In both harvests, all the waste-amended plots show 
signs of improvement in water holding capacity at suctions 
of 0.1 to 15 bars. However, the improvement was too small 
to be significantly different from the control plot. 
(4) The water holding _capa?ity cif all the - ~~ste-amended 
plots and the controlremairied constant under continuous 
cultivation. This may be due to the fact that soil organic 
matter content also remained constant after the fourth 
harvest. 
(5) The addition of sewage sludge and sawdust litter did 
not significantly improve the available water capacity of 
the cultivated soil for both harvests. 
(6) The field capacity, water holding capacity and 
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available water capacity are positively correlated with 
organic matter content. Therefore, the problem of poor 
soil moisture ·status (especially field capacity and water 
holding capacity) under continuous cultivation can be 
rectified by the addition of appropriate amounts of sewage 
sludge and. sawdust litter. 
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Chapter 7 
Effect on Infiltration and Water Release Property 
7.1 Introduction 
Whether the plants can obtain sufficient water for 
growth depends not only on · the soil water holding 
capacity but also on the ability of the soil to 
transmit water from irrigation and rainfall. Although 
there may be plenty of water from rainfall and 
irrigation, crops can still be subjected to water 
stress in the soils with low infiltration capacity and 
high water release potential. The wastage of valuable 
water resource is a serious problem, particularly in 
semi-arid areas and in the dry season. Moreover, the 
high volume of surface runoff resulted from low 
infiltration increases soil erosion and reduces soil 
fertility. The high water release also reduces soil 
fertility by leaching of valuable plant nutrients. 
The infiltration capacity of a soil is controlled 
:by soil structur~·such as the ·volume of transmission 
pores, aggregate stability and surface crusting. The 
better the soil structure, the higher the infiltration 
capacity and the higher the soil moisture content. 
However, the soil moisture content also depends on water 
release. Naturally, the faster the water release, the 
lower the soil moisture content. The rate of water 
release from a soil is also controlled by soil structure 
such as the volume of storage pores and by the soil 
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absorption surface. 
Organic wastes are often used to improve 
structure and aggregate stability of soils with low 
infiltration capacity and high water r~lease property. 
As infiltration capacity and water release are of 
great importance to farm management, the objectives of 
this experiment are to seek answers to the following 
questions: 
l)What effects sewage sludge and sawdust litter have on 
the infiltration capacity of cultivated soil in Hong 
Kong? 
2)How do the effects of sewage sludge and sawdust litter 
on the infiltration capacity change under continous 
cultivation? 
3)What effects sewage sludge and sawdust litter have 
on the water release property of cultivated soil in 
Hong Kong? 
-7-.2 Results ' 
7.21 Infiltration 
cultivation. 
and its change under continous 
The infiltration rate for the various treatments 
after the seond and fourth harvest were shown in Tables 
7.1 a and b, respectively. 
After the second harvest, all waste-amended plots 
recorded significantly higher infiltration rate than the 
control. The highest infiltration rate was recorded at 
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Table 7.1 a The infiltration rate (cm/minute) for the 
various treatments after the second harvest. 
Minutes 
Treatments 1 3 
a 
Control 3.8 0.8 
b 
Sludge 7.3 4.9 
c 
SSL 4.8 2.7 
c 
S+SSL 4.7 1 . 2 
b 
S+L 10.7 8.6 
Column means sharlng 
significantly different 
























15 30 60 
a a a 
0.92 1 . 1 0.9 
c c c 
4.1 3 . 1 2.4 
c c c 
3.0 2.5 2.6 
c c c 
2.4 1.6 1.2 
b b b 
7.4 6.3 4.7 
letter are not 
level by Duncan's 
Table 7.1 a The infiltration rate (cm/minute) for the 
various treatments after the fourth harvest. 
Minutes 
T t rea me~ t s 1 3 5 10 
a a a a: 
Control 12.0 6.6 6.0 5.5 
b b b b 
Sludge 18.7 11.2 10.4 9.6 
b b b b 
SSL 18.1 13.2 13.7 13.0 
c c c b 
S+SSL 27.6 19.4 17.6 16.6 
b - b b b 
-. S+L 25 -.9 1-4 . -1-- 13.0 ' - 11.8 ' 
Column means sharlng the same 
significantly different -at the 5% 
multiple range test. 
15 30 60 
a a a 
5.5 5 . 3 4.7 
b b b 
8.6 7.1 5.3 
b b b 
11.2 10.9 7.5 
b b b 
15.2 ~3.7 11.4 
b b b 
11. Q_ ~ 0.9 , 8!4 
letter are not 
level by Duncan's 
the first minute of the experiment and dropped 
expotentially thereafter for all treatments ( Figure 7.1 
a). Notwithstanding this decrease, infiltration rate 
clearly varied with treatments being in the descending 
order of: S+L > Sludge> SSL > S+SSL > control. While 
the infiltration rate of the SSL, S+SSL and control 
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Figure 7.1 a Infiltration rate for the various treatments 
after the second harvest 
12~------------------------------------------~ 
10 .... -.--. ----. ---.-.- .---- ... -- .. '-"-" '--"'- .. -. 






o 5 10 15 20 25 30 35 40 45 50 55 60 65 
Time (minutes) 
Treatments 
--Sludge +SSL *S+SSL ..... S+L * Control 
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treatments more or less levelled off after 5 minutes, 
the sludge and S+L treatments were capable of sustaining 
an effective infiltration after 60 minutes into the 
experiment. In short, the soil under investigation is 
extremely poor in infiltration. Clogging appears to 
occur rapidly during rainfall and irrigation. Organic 
amendment greatly improved the infiltration rate of this 
problem soil. 
After the fourth harvest, the pattern of 
infiltration ~as similar to that of the second haravest. 
Infiltration rate also dropped drastically after 1 
minute into the experiment and a decline with time was 
depicted. While the infiltration rate of the control 
treatment levelled off at 5 minutes, as in the second 
harvest, all the remaining treatments appeared to have a 
larger sustained effect (Figure 7.1 b). The combined 
treatment of sludge and sawdust litter (S+SSL) yielded 
the highest infiltration rate throughout the experiment 
as against the sludge and lime treatment (S+L) in the 
second harvest. Moreover, the absolute values of 
·infiltration for the four~h harvest were on the average 
three times those of the second harvest. This difference 
is attributed to the different weather conditions 
encountered between the two harvests. The second harvest 
coincided with the spring rain while measurements for 
the fourth harvest were made under sunny conditions.In 
this regard, the effect of organic amendment on 
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Figure 7.1 b Infiltration rate for the various treatments 
after the fourth harvest 
30~------------------------------------------~ 
25 . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
20 . .......... - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 
10 
. ~ 
5 ." ..... )~ .. ?~ ... : ....... >.<. ....... ' 
o~------------------------------------------~ 
o 5 10 15 20 25 30 35 40 45 50 55 60 65 
Time (minutes) 
Treatments 
--Sludge +SSL *S+SSL +S+L * Control 
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infiltration rate is better depicted from the pattern of 
change with time than from the absolute amount. 
The cumulative hourly infiltration capacity for 
the two harvests is shown in Table 7.2. After the second 
harvest, the combined treatment of sludge and lime (S+L) 
yielded significantly higher infiltration capacity than 
the remaining treatments and was in line with the 
pattern of infiltaration rate (Figures 7.1 a). While the 
control treatment recorded only 56 cm water throughout 
the experiment, the treatments with sludge, SSL and 
S+SSL were not significantly different in infiltration 
capacity. In general, organic amendment resulted in 2 to 
5 fold increase in infiltration capacity. 
After the fourth harvest, infiltration capacity 
for all the waste-amended plots was significantly higher 
than the control by 30 to 200%. Hoowever, there were no 
significant differences among the amended plots. 
Table 7.2 Infiltration capacity (cm) after the second 
and .fourth 'ha~vest 






Column - means sharing 
significantly different 
























"Likewise, no comparisons on infiltration capacity were 
made between the second and the fourth harvest due to 
different weather conditions encounte~ed. 
7.22 Water release property 
The water release property of the cultivated soil 
was determined by the continuous in situ measurement of 
soil water potential involving the use of tensiometers 
installed 10 cm into the soil. Owing to the shortage of 
equipments,the tensiometer readings were -only monitored 
for selected dates during the growth of the crops. the 
results are graphically shown in Figures 7.2 a and b. 
While the tensiometer readings were taken daily at 
830 and 1530 hours, they followed closely the rainfall 
pattern irrespective of treatments. During the dry 
period, however, tensiometer readings were found to vary 
with treatments. In both crops, the water release 
property tended to fluctuate more in the control plot 
than in the waste-amended p-lots. Organ-icameJldment 
. -. - --
obviously moderated the water release property of ~his 
cultivated soil, resulting in less drastic changes in 
the soil moisture status. In this regard, the sludged 
treatments were superior to the sawdust counterparts 
obviously because a large portion of the latter was lost 



































































































































































































































































































































































































































































































































































































































































































The present experiment confirmed that the 
addition of sewage sludge and sawdust litter resulted 
in improved infiltration of the cultivated soil which 
tended to clog rapidly during rainfall and irrigation. 
In fact, the infiltration capacity approximated closely 
to total porosity and aggregate stability in this study. 
Figures 7.3a and b shows the change in infiltration 
capacity in relation to total porosity while Figures 
1.4a andb show the change in infiltration capaci-ty in 
relation to aggregate stability. In both harvests, high 
infiltration capacity was occasioned by high total 
porosity and aggregate stability. For example, 
sludge plus lime treatment (S+L) had the highest 




the highest infiltration capacity. This was just 
opposite for the control. Also, the increased total 
porosity after the fourth -harvest had resulted in higher 
infil~ration capac-iti for- al~ the treatment plots. It is 
because high porosity allows more rapid movement of 
water through the soil while greater aggregate stability 
reduces the clogging of the pores and protects the soil 
against crust formation. 
The regression analysis also showed that there are 
significant positive correlation between infiltration 







Fig.l.3 a Change in infiltration capacity in relation to 
total porosity after the second harvest . 
56 
x x ~'l6.61 )<xx 








~ Infiltration capacity (cm) ~ Total porosity (%) 
Fig. 7.3 b Change in infiltration capacity in relation to 
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Fig.7.4 a Change in infiltration capacity in relation to 
aggregate stability after the second halVest 
Control . Sludge SSL S+SSL 
treatments 
~ Infiltration capacity (10 x 1 cm) 
~ aggregate stability (% ) 
35.062 
S+L· 
Fig.7.4 b Change in infiltration capacity in relation to 
aggregate stability after the fourth halvest 
Control 
80.573 
Sludge SSL S+SSL 
treatments 
~ Infiltration capacity (10 x 1 cm) 




infiltration capacity and aggregate stability (AS) • The 
empirical equations are: 
2 
Log le (second harvest) = -1.43 + 0.08 TP R = 0.22** 
2 
Log re (fourth harvest) = 5.64 + 0.07 TP R = 0.34** 
2 
Log re (second harvest) = 0.85 + 0.06 AS R = 0.16** 
2 
Log re (fourth harvest) = 2.10 + 0.03 AS R = 0.19** 
Where, ** = statistically significant at the 5% level. 
Log scale is used for infiltration capacity data in the 
regression analysis. For both total porosity and 
aggregate stability, the coeffitient of determination is " 
low, ranging from 16 to 34%, indicating that factors 
such as climate and cropping system are also important 
in affecting infiltration capacity. Nevertheless, the 
infiltration capacity of this poorly structured soil can 
be improved by higher ~mendment rate. 
The control plot had the lowest initial rate of 
infiltration, " which decreased exponentially to below 6 
and 3 cm/minute 5 minutes into the experiment for the 
secopd- and the fourth harvest, respectiv~ly. Initial 
infiltration rate is controlled by the soil moisture 
content at the beginning of the experiment and the 
volume of transmission pores. But in this experiment, 
the difference in initial soil moisture content cannot 
explain in full the variations in initial infiltration 
rate as the control plots were obviously drier than the 
other amended plots (see Figures 7.2 a and 




mechanical resistance, and low pore volume were 
responsible for the low initial infiltration rate of the 
control. The disintegration of soil aggregates by water 
and sUbsequent clogging ~f pores by disintegrated 
materials were responsible for the rapid decrease . in 
infiltration. 
Although no statistical comparisons can be 
performed for the two harvests due to dissimilar weather 
conditions (see p.32), the data do show that the 
positive effects of sewage sludge and sawdust litter· bn 
infiltration have diminished with cultivation. For 
instance, the overall infiltration capacity of the 
waste-amended plots after the second harvest was 1.6 
6.3 times than that of the control. After the fourth 
harvest, this difference has narrowed down to 1.3 - 2.6 
times. Such change may simply be resulted from the 
reduction in soil organic matter and the simultaneous 
deterioration in other soil physical parameters under 
continous cultiYati~~. 
The water release property of a soil is 
controlled by the total porosity and organic matter 
content. With the application of sewage sludge and 
sawdust litter, the soil organic matter content has 
increased and total porosity improved. Therefore, the 
waste-amended plots were more effective in holding the 
irrigation water and releasing it more slowly than the 
control plot. Other factors being equal, this is 
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important for high crop yield as water held by low 
soil suctions is readily availale to plant. Moreover, a 
less drastic change in soil moisture status is also 
beneficial to the soil physiochemical and microbial 
environment. Conversely, water stress may be a serious 
problem in the control plot, especially under sunny 
weather conditions. 
7~4 Conclusions 
From the findings of the present experiment~ the --
following conclusions can be summarized: 
(1) Sewage sludge and sawdust litter significantly 
improved the infiltration rate of the cultivated soil 
for both harvests. Consequently, all the waste-amended 
plots have recorded higher infiltration capacity at the 
end of the experiments. 
(2) With the reduction, albeit insignificant 
statistically, in organic 'matter content and subsequent 
deterioration in aggregate stability~ infiltration 
capacity relative to the control appeared to decline 
with time under continuous cultivation, especially in 
the combined treatment of sludge and lime. 
(3) In both harvests, the addition of sewage sludge and 
sawdust litter have moderated the water release property 
of the cultivated soil, resulting in less drastic 
fluctuations of the soil moisture status. Therefore, 




8.1 Summary of the findings 
Field experiments were conducted to investigate 
the effect of sewage sludge and spent sawdust litter on 
the physical properties of cultivated soils and to 
investigate how these effects changed with time under 
continuous cultivation in Hong Kong. The study plot was 
separately .amended with 50 mt/ha sludge, 50 mt/ha spent 
sawdust litter (SSL), 25 mt/ha each of sludge and spent 
sawdust litter (S+SSL), and 50 mt/ha sludge plus 2 mt/ha 
lime (S+L). The control plot received · no organic 
amendment. Each treatment was replicated 5 times and no 
topdressings were added between harvests. Altogether 
four crops were grown and in this study the soil 
physical properties were monitored after the second and 
fourth crop. 
results indicated that waste amendments 
_stability,. "aeration, water 
transmission and water holding capacity of this poorly 
structured soil . However, the sustained effects on soil 
physical properties improvement differed among the 
various treatments. 
After the second harvest, the waste amendments 
improved the percentage of stable aggregates> 0.5 mm 
but not those >2 mm. This reflects that the quality as 
well as the quantity of organic matter are important in 
118 
aggregate stability. 
Soil aeration was improved as bulk density 
decreased and total porosity increased. Therefore, the 
crops are less subjected to oxygen stress as free 
movement of air and water are allowed. With higher 
porosity in the amended plots, the resistance to root 
growth as measured by mechanical resistance was also 
reduced. 
The improvement in total porosity and soil 
structure also re~ulted in improved water holding 
capacity and water transmission of ~he cultivated soil. 
The field capacity of the waste-amended plots was 
significantly higher than that of the control after the 
second harvest. Besides, the water holding capacity of 
the soil under different suctions was also improved by 
organic amendment. 
Greater infiltration capacity and slower water 
release rate were recorded for all the waste-amended 
plots while - the - -control plot- __ ~lo_~gedeasilY_ and -
suffered from drastic fluctuations in soil moisture. 
Such improvements in soil physical properties 
were mainly due to the higher organic matter content in 
the waste-amended plots. There were significant 
correlations between each physical parameter and the 
soil organic matter content. Therefore, the degree of 
improvement is obviously proportionate to loading rate 
of the organic material. However, the coefficient of 
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determination for these correlations was in the range of 
20 - 60% only. _This indicated that factors other than 
the quantity of organic matter, such as the quality of 
organlc matter, climatic condition and cropping system, 
are also important in affecting soil physical 
properties. For example, the percentage 
stability > 0.5 mm decreased in all 





remained constant. This is because the quality of 
organic m-atter or other factors, has changed after the 
fourth harvest. 
Besides, only bulk density and aggregate stability 
appeared to be directly affected by the physical 
presence of organic matter. It is through the 
improvement 
that the 
of bulk density and 
properties of water 
aggregate stability 
retention, water 
transmission and mechanical resistance of the cultivated 
soil are bettered. 
As organic __ matter content did not vary gre~tly 
among the different waste treatments, there were largely 
no significant differences in their beneficial effects 
on the soil physical properties after the second 
harvest. However, the beneficial effects from all the 
sludge treatments appeared to last longer than that of 
the sawdust litter. The beneficial effects of sawdust 
litter either diminished or disappeared after the fourth 
harvest, while that of the sludge-related treatments 
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were sustained 151 days after the basal dressing. The 
organic matter of sewage sludge 1S probably more 
resistant to decomposition than the sawdust litter as 
heavy metals contained in the municipal waste may 
suppress the microbial activities. 
The sustained effect of sawdust litter on soil 
physical properties was improved by the addition of 
sludge. In this combined treatment (8+88L) , the 
increased organic matter content and improved physical 
properties were more conspicuous than the plot .· amended 
with sawdust litter alone and were comparable to the 
sludge-amended plots. On the contrary, liming did not 
have such effect as there were no differences in organic 
matter content and physical properties between the 
sludge and the 8+L plots in both harvests. Nevertheless, 
additional liming can suppress the bioavailability of 
heavy metals contained in the sludge while showing no 
negative effects on soil physica~ properti~s. 
. . . :. j.';;. :. -: ·~<c';:;.·~ 
· Tb crin~lud~, ~ewage sludge and sawdust litter are 
capabl~o·f am~liorating the physical pro~erties of · 
· cultivated soil in Hong Kong. While the improvements 
di~inished with the time of cultivation, the sustained 
effect of sludge is better than sawdust litter. Other 
factors being equal, a higher loading rate or more 
frequent application is required for the sawdust litter. 
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8.2 Implication of the study 
The data from these experiments indicate that the 
physi~al properties of cultivated soils in Hong Kong 
deteriorate as a result of intensive cultivation. Crop 
yields will be reduced and production cost increased 
because of water and fertilizers wastage. The problem of 
declining productivity is caused by frequent tillage, 
compact ion and reduction in organic matter under the 
"subtropical environment. In fact, the quantity and 
quality of organic matter are important in maintaining 
optimal physical conditions for plant growth. Therefore, 
the farmers in Hong Kong should be encouraged to 
practise organic amendment in order to improve 
productivity and increase income. Since market 
gardening in Hong Kong is important in maintaining a 
stable vegetable price and supply, the Hong Kong 
government should pay more effort in research on the use 
df organ~cwastes and in the extension "works. 
"- -
Although the sustained effects of sludge is better 
than the sawdust litter., the problem of heavy metal 
should not be overlooked. In this experiment, the 
bioavailablility of heavy metals could have been 
suppressed by lime addition and dilution by mixing 
with sawdust litter. The two combined treatments (i.e. 
S+L and 8+88L) were comparable to the sludge treatment 
in physical properties improvement. Therefore, sludge 
should be treated with lime or combined with other 
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organic wastes when it is used to ameliorate the soil 
physical properties. 
Besides farm application, there is no reason why 
sludge and spent sawdust litter cannot be used in seed -
bed preparation, open ground and slope revegetation 
because of their positive effects on soil physical 
properties and their nutrient value. 
Finally the land application of sludge and 
s~wdust litt~r not only benefits the soilphysi6al 
properties but also helps enlighten the disposal problem 
of these waste materials. This is an environmentally 
sound practice as valuable resources are recycled. 
8.3 Further Studies 
Although significant correlations exist between 
organic matter content and individual physical 
parameter, the quantity . of organic matte~ can only 
explain 20 - · 60% of-- the· -v~:riations· in each · physical_ 
prop~rty. The part of unex~lairied variatIon may also be 
due to the quality of organic matter. Therefore, more 
researches should be carried out to investigate the 
interacting effects of quantity and quality of organic 
matter on the soil physical properties in order to 
optimize the use of organic wastes. 
Also, the results of the fourth harvest indicated 
that the soil physical property is not only affected by 
organic matter content but also by the cropping system. 
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Further studies are needed to ascertain the effect of 
sewage sludge and sawdust litter under different crops 
and cropping systems. 
As a uniform loading rate of sludge and sawdust 
litter was used in this study, it is not known whether 
there will be differences in the results when different 
loading rate are applied. Will there be any negative 
effects at extremely high loading rates? What is the 
optimal loading rate for sludge be-a.ring in mind that -it 
contains heavy metals ? A more detailed studies are 
required to provide answers to these questions. 
The results on bulk density improvement clearly 
indicated that the effect of organic wastes on the soil 
physical properties is also complicated by the climate. 
Further studies on the effect of organic wastes in 
different seasons of the year are also required. This 
will affect the degree of improvement as well as the 
l -oading rate. 
--
Although the results indicated that the --add-l tion 
of sewage sludge and sawdust litter are capable of 
improving the soil physical properties under minimum 
tillage practice, it is not known whether these benefits 
can be sustained under maximum tillage conditions. 
Finally, in this study, only one basal dressing 
was applied and the beneficial effects of sewage sludge 
and sawdust litter clearly diminished with time. Will 
the results be differerit if periodic topdressings are 
124 
applied between harvests? 
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